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PREFACE TO 
EIGHTH EDITION. 

A S new matter from lime to time appears, we 
-'*• find it necessary to make changes in Helios, 
omitting parts which seem of lesser importance 
and inserting new articles of greater interest. In 
this edition we have considerably abridged the 
chapters t)n fuel oil and fuel gas. The 1898 code 
of the A. S. M. E. for boiler tests has been 
substituted for 1885 code. We ha\e also added 
an entirely new feature. "The Standard Boiler 
Specifications," in an abridged form, adopted by 
the American Boiler Manufacturers' Association, 
and believe that by so doing we give the book a 
greater and more lasting value. 

Rfpriui Septcmhci /. VHh'. 



HELIOS. 

Source of All Power 1 Fountain of Light and Warmth !1 

Adored by the ancient husbandman as the God who blessed his 
labors with a harvest of golden grain ; revered by the early sage as 
the great visible means of the divine creative force ; pictured by the 
inspired artist as the tireless charioteer who drives his four fiery 
steeds daily across the heavens, his head circled by a crown c4 rays 
his chariot wheel the disk of the sun itself. 

When primeval man began to think, the sun seemed to him the 
cause of all those wonders in nature which ministered to his simple 
wants, or taught his soul to hope. His crude feelings of awe and 
gratitude blossomed into worship, and we find the sun as central figure 
in all early religions. He was the Suraya of the Hindoos, the Baal 
of the Phoenicians, the Odin of the Norsemen, and his temples arose 
alike in ancient Mexico and Peru. As Mithras of the Parsees, he was 
adored as the symbol of the Supreme Deity, his messenger and agent 
for all good. As Osiris he received the worship and offerings of the 
Egyptians, whose priests, early adepts in the rudiments of science, 
saw in him the cause of the annual fructifying overflow of the Nile. 

Modern knowledge, with its vast array of facts and figures, can 
but verify and seal the faith of these ancient observers. What they 
dimly discerned as probable is now the central fact of physical science. 
From him are derived all the forces of nature which have been yoked 
into the service of man. All animal and plant life draws its daily 
sustenance from the warmth and light of the sun, and it is but his 
transmuted energy we expend, when, with muscle of man or horse, we 
load our truck or roll it along the highway. Do we irrigate the soil 
from the pumps of a myriad windmills ? His rays, on plains far inland, 
supply the energy for the breeze which turns their vanes I 

Does a lumbering wheel drive a dozen stamps and a primitive 
arastra in some Mexican canyon ? Do mighty turbines whirl a millioa 
flying spindles and shake thousands of clattering looms on the bank 
of some New England stream ? From the bosom of the ocean and f 
swamps of the tropics, Helios lifted those vapory Titans whose lifcW 
courses in the mountain torrent and the river of the vVi\^^ 
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Do a hundred cars rattle up the steep streets or the smiling city 
by the Golden Gate ? Are massive ingots of steel forged to shape 
and size by the giant hammers of Bethlehem ? The fuel which 
gives them motion was stored for us, ages before man was evolved, 
by the rays which flash from his chariot wheels ! "The heat now 
radiating from our fire places has at some time previously been trans- 
mitted to the earth from the sun. If it be wood that we are burning, 
then we are using the sunbeams that have shone on the earth within 
a few decades. If it be coal, then we are transforming to heat the 
solar energy which arrived at the earth millions of years ago.'* 

Professor Langley remarks that "the great coal fields of Pennsyl- 
vania contain enough of the precious mineral to supply the wants of 
the United States for a thousand years. If all that tremendous 
accumulation of fuel were to be extracted and burned in one vast 
conflagration, the total quantity of heat that would be produced would, 
no doubt, be stupendous, and yet," says this authority, who has taught 
us so much about the sun, "all the heat developed by that terrific 
coal fire would not be equal to that which the sun pours forth in 
the thousandth part of each single second." 

The almost limitless stores of petroleum which are found in 
America and in Asia, and the smaller, though still vast supplies of 
natural gas which some favored localities are now exploiting, represent 
but so much sun-energy transmuted through forests of prehistoric 
vegetation. 

Another authority tells us that the total amount of living force 
"which the sun pours out yearly upon every acre of the earth's 
surface, chiefly in the form of heat is 800,000 horse-power." And 
he estimates that a flourishing crop utilizes only j\ of 1 per cent of 
this power. 

Remembering, then, that this sun-energy reaches us only one-half 
of each day, we may, whenever we learn how, pick up on every acre 
an average of 175 horse-power during each hour of daylight, as a 
surplus which nature does not require for her work of food production. 

Attempts to utilize this daily waste have been made, and future 
inventors may fire their boilers directly with the radiant heat of the 
sun. But whether we depend on what he garnered for us ages ago, 
or quite recently, or on the stores he will lavish on us in the future, 
it is clear that man's continued existence on earth is directly dependent 
on Helios. 

In olden times the various trades or guilds chose as their patron 
"Miint some prominent person who was thought to have embodied in 
lis life-work the special means and methods of their craft. By that 
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token we claim Helios as our own. He has always carried the record 
for evaporative efficiency. He provides both the fuel and the water 
for our boilers. He teaches us perfect circulation, upward as mingled 
vapor and water by the action of heat, and down again by gravity 
as rain and river in solid water. It is therefore fit that the boiler in 
which this perfect and unobstructed circulation is made the leading 
feature of construction should have HELIOS as its emblem I 




In the following pages we give some account of the fuels used 
in the practical arts, of the water which becomes the vehicle for 
transmitting their energy into mechanical power, and of the limitations 
imposed by their varying conditions. These must all be taken into 
account in estimating how much we may expect of certain combina- 
tions of machinery. Much of the text and many of the tables are 
taken from Mr. David Kinnear Clark's admirable book on the steam 
engine, for which his consent and that of his publishers, Messrs. 
Blackie & Son, was courteously given. We also, by permission, 
quote freely from such authorities as Mr. Emerson McMillin, Prof. Wm. 
B. Potter, Prof. R. H. Thurston, Mr. J. M. Whitham, Prof. D. S. 
Jacobus, Prof. Ordway and others. Thanks are also due for valuable 
matter to Messrs. Henry R. Worthington, The B. F. Sturtevant Co., 
Mr. Alfred R. Wolff, Mr. C. W. Owston and Messrs. Hunt & Clapp. 
In most instances we indicate the scource by initials. 

We trust that the tables and data may be found convenient for 
ready reference alike by professional men, by manufacturers, and by 
that growing class of practical steam engineers who realize that true 
theory, consonant with collective experience, is within the reach of 
every thoughtful man who pulls the throttle. 

E. D. M. 



H^ 



HEAT. 

Heat is the form in which we receive most of the sun-energy. In the 
various fuels it exists in a potential form requiring combustion, i. e., combi- 
nation of the active elements of the fuel with the oxygen of the air, to 
reappear in its active form. 

"Heat as a Form of Energy is subject to the general laws which gov- 
ern every form of energy and control all matter in motion, whether that 
motion be molecular or the movement of masses. 

"That heat is the motion of the molecules of bodies was first shown by 
experiment by Benjamin Thompson, Count Rumford, then in the service of 
the Bavarian Government, who in 1798 presented a paper to the Royal 
Society of Great Britain, describing his work, and reciting the results and 
his conclusion that heat is not substance, but a form of energy. 

"This paper is of very great historical interest, as the now accepted 
doctrine of the persistence of energy is a generalization which arose out of a 
series of investigations, the most important of which are those which resulted 
in the determination of the existence of a definite quantivalent relation be- 
tween these two forms of energy and a measurement of its value, now known 
asthe 'mechanical equivalent of heat.' The experiment consisted in the de- 
termination of the quantity of heat produced by the boring of a cannon at the 
arsenal at Munich." 

Work in the same direction was done by Sir Humphrey Davy, Sadi 
Carnot, Dr. Mayer and Mr. Colding. But Dr. Joule, from 1843 to 1849, 
made a series of experiments by various methods, the results of which 
have been generally accepted as satisfactory. 

Quantities of heat are measured, in English units, by what is termed 
the British Thermal Unit, or for brevity, B. T. U. The B. T. U. is the 
quantity of heat required to raise 1 lb. of pure water from a temperature of 
62° F. to 63** F., and has an equivalent in mechanical units of work. This is 
frequently called simply a Heat Unit or designated by H. U. 

The mechanical unit of work is the foot-pound^ or the work required 
to raise 1 pound, 1 foot high. Joule's experiments, and those of later investi- 
gators, show 778 ft. lbs. to be equivalent to one B. T. U. This number, 
778, is known as Joule's equivalent or symbolically J. 33000 ft. lbs. per 
min. was called a horse power by Watt, and is used as such to-day, it being 
the unit for large powers. 

The electrical unit of power is the Walt, which is the product of 1 ampere 
Xlvolt. 746 Watts are equivalent to IH. P. or 33000ft. lbs. Y "<<n 

has an equivalent in heat units also. 

Water power is measured in terms of the Iv 
and tlie quantity or weight of water passinfr 
mechanical units. Hence P=HxWxV 
height of fall in ft., W— weight pc 
water falling per second. 



Since V* — 2 gH. we have P — fJ'X V X W where P, V, and W, aretl 
same as before and v the velocity of flow of the water in ft. per sec. an 
g-32.2. 

Owing to the frlctional losses and the inefficiency of all kinds of wate 
motors, more than 80 per cent, of this theoretical power is rarely ever realized 
The best types of water motors give only 80 to 90 per cent, efficiency. 

The following table shows the relation of the various units : 

Table No. l. 
Equivalents of Work and Heat. 

B. T. U. Ft. lbs. Watts. 

1 = 778 = 17.59 

42.41 «- 33000 = 746 «= 1 H. P. 

In the French or metric system of units, a Heat Unit or Calorie is the 
quantity of heat required to raise 1 Kilogram of pure water 1° Cent, at or 
about 4° C. 

The following tabular statement shows the relation of the French and 
English units : 

Table No. 2. 

French and English Units Compared. 

1 Calorie 3.968 B. T. U. 

0.252 Calorie 1 B. T. U. 

French Mechanical Equivalent, ) o^^.-- x^ ... 

^ > oO<o ft. lbs. 

425.0 Kilogram-metres, ) 

107.7 Kilogram-metres J, or 778 ft. lbs. 

For convenience in translating French or German results in to English 
or American we have the following compound units : 

Table No. 3. 
Equivalent Compound Units. 

1 Calorie per square metre 0.369 B. T. U. p. square ft. 

1 B. T. U. or 1 H. U. p. square ft 2.713Cal. p. square metre. 

1 Calorie p. Kilogram 1,800 H. U. per pound. 

1 H. U. p. pound 0.556 Cal. p. Kilogram. 

"HeatTranSFOR.MATIONS may take place, through the action of physi- 
cal and chemical forces, into any other known form of energv, and another 
form of energy may be transmuted into heat. Nearly all physical pheno- 
mena, in fact, involve heat-transformation in one form or another, and in a 
greater or less degree, under the laws of energetics. According to the first 
of those laws, such changes must always occur by a definite quantiv/^i»^nce, 
and when heat disappears in known quantity it is always c at 

energy of calculable amount will appear as its equivc 
invariably the case when heat is produced ; it alwa 

ires an equivalent amount of mechanical, electri 

(nergy. 



**Heat and Mechanical Energy are thus evidently subject to the general 
laws of transformation of energy, and the transmutation of the one into the 
other must always be capable of treatment mathematically. The relations 
of these two forms of energy are taken as the subject of a division of ener- 
getics known as the science of thermodynamics, and a vast amount of 
study and research has been given by the ablest mathematical physicists of 
modern times to the investigation of its laws and their applications, and to 
the building up of that science. 

"The conversion of water into steam in the steam boiler and the utiliza- 
tion of the heat-energy thus made available, or in heated air and other 
gases, in steam or other heat-engines, constitute at once the most familiar 
and the most important of known illustrations of thermodynamic phenomena 
and their useful application. The process of making steam is one of pro- 
duction of heat by transformation from the potential form of energy through 
the action of chemical forces, and its storage in sensible form for later use 
in the steam-engine, where it is changed into equivalent mechanical energy. 
The pure science of the steam-engine is thus the science of thermodynamics, 
the first applications of which are made in the operations carried on in the 
steam-boiler. 

"Sensible and Latent Heats must be carefully distinguished in study- 
ing the action of heat on matter. The term 'Sensible Heat' scarcely re- 
quires definition ; but it may be said that sensible and latent heats represent 
latent and sensible work ; that the former is actual, kinetic, heat-energy, 
capable of transformation into mechanical energy, or vis viva of masses, 
and into mechanical work ; while the latter form is not heat, but is the 
equivalent of heat transformed to produce a visible effect in the performance 
of molecular, or internal as well as external, work, and visible alteration of 
volume and other physical conditions. 

"It is seen that heat may become 'latent' through any transformation 
which results in a definite and defined physical change, produced by expan- 
sion of any substance in consequence of such transmutation into internal and 
external work ; whether it be simple increase of volume or such increase 
with change of physical state. 

"The Latent Heat of Expansion is a name for that heat which is 
demanded to produce an increase of volume, as distinguished from that un- 
transformed heat which is absorbed by the substance to produce elevation of 
temperature. The latent heat of expansion may, by its absorption and 
transformation, and the resulting performance of internal and external work, 
cause no other effect than change of volume, as e. g., when air is heated ; 
or it may at the same time produce an alteration of the solid to the fluid, or 
of the liquid to the vaporous state, as in the meltinji of ice or the boiling of 
water, in which latter cases, as it happens, no elevation of temperature 
occurs, all heat received being at once transformed. In the expansion of 
air, and in other cases in which no such change of state occurs, a part of 
the heat absorbed remains unchanged, producing elevation of temperature ; 
"hile auother part is transformed into latent heat of expansion." 

R. H. T. 






We give beiow tables of the boiling and melting points of vaii 
substances, and the linear expansion of various solids. 

Table No. 4, 
Boiling Points of Various Substances* 

At Atmospheric Pressure at Sea LevcL 



SUBSTANCE. 



Alcohol 

Ammonia 

Benzine 

Coal Tar 

Linseed Oil 

Mercury 

Naptha 

Nitric Acid, s. g. 1.42 

Nitric Acid, s. g. l.o 

Petroleum Rectified 



De 



*rTee 

Fihr. 



SUBSTANCE. 



173 

140 

176 

325 I 

597 i 

648 

186 ' 

248 

210 

316 



If 



Sulphur 

Sulphuric Acid, s. g. 1.84S. 

Sulphuric Acid, s. g. 1,3 

Sulphuric Ether 

Turpentine 

Water 

Water, Sea 

Water, Saturated Brine 

Wood Spirit 



TABLE NO. 5. 

Melting Points of Metals. ; Melting Points of Various Soli* 

From D. K. C. I! From D. K. C. and H. 



METAL. 



Aluminum 

Antimony 

Bismuth 

Bronze 

Copper 

Gold, Standard — 

Gold, Pure 

Iron, Cast, Gray. 

Iron, Cast, White 

Iron, Wrought 

Lead 

Mercury 

Silver ^- 

Steel 

Tin 

Zinc 



F«hr. I 






Futr Red 
He«f. 
1150 

607 
1690 
1996 
2156 
2282 
2012 
rl922 

1 2012 

2912 

617 

—39 

1873 

r2372 

12562 
442 
773 



SUBSTANCE. 



Carbonic Acid. 

Glass 

Ice 

Lard 

Nitro'Glycerine 

Phosphorus 

Pitch 

Saltpetre 

Spermaceti 

Stearine 



231 



Sulphu; 

Tallow 

Turpentine 

Wax, Rough--- 
Wax, Bleached 



(i 



14S 
154 



Melting Points of Fusible Plugs. 

From D. K. C. 



2 Tin, 2 Lead. 
2 Tin, 6 Lead. 



Softens at 



365 
372 



Melts at 



372 
383 



I Softens at 



2 Tin, 7 Lead. 
2 Tin, 8 Lead. 



377J 
395^ 



Mrlu at 



BSS 
408 
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Table No. 6. 
Expansion of Solids at Ordinary Temperatures. 

D. K. c. 



SUBSTANCE. 



Aluminum (Cast) 

Antimony (Crystallized) -- 

Brass (Cast) 

Brass (English Plate) 

Brass (Sheet) 

Brick (Best Stock) 

Brick in Cement Mortar (Headers) 
Brick in Cement Mortar(Stretchers) 

Bronze 

Cement (Roman, Dry) 

Cement (Portland, Neat) 

Cement (Portland, with Sand)--- 

Copper 

Glass (Flint) - 

Glass (White, Free from Lead)-- 

Glass (Blown) 

Glass (Thermometer) — - 

Glass (Hard) - 

Granite (Gray, Dry) 

Granite (Red, Dry) - 

Gold (Pure) 

Iron (Wrought) 

Iron (Swedish) 

Iron (Cast) -- — -- 

Iron (Soft) 

Lead 

Marble (Ordinary, Dry) 

Marble (Ordinary, Moist)-- 

Mercury (Cubic Expansion) 

Nickel - 

Plaster (White) 

Platinum 

Silver (Pure) 

Slate - -— 

Steel (Cast) -- - 

Steel (Tempered) --'- - 

Stone (Sand, Dry) — --. 

Tin 

Wood (Fine) 

Zinc 

Zinc 8, Tin 1 



Coefficient 

for 
I' F»hr. 



.00001234 
.00000627 
.00000957 
.00001052 
.00001040 
.00000300 
.00000494 
.00000266 
.00000975 
.00000797 
.00000594 
.00000650 
.00000887 
.00000451 
.00000492 
.00000498 
.00000-199 
.00000397 
.00000438 
.00000498 
.00000786 
.00C00648 
.C0000G36 
.00000556 
.OOC 00020 
.00001571 
.00000363 
.00000663 
.00009984 
.00000695 
.00000922 
.00000479 
.00001079 
.00000577 
.00000636 
.00000689 
.00000652 
.00001163 
.00000276 
.00001407 
.00001496 



Tot«I Expansion between Si" Fahr. and 212« Fahr. 



Coefficient. 



Decimal. 



.002221 
.001129 
.001723 
.001891 
.001872 
.000550 
.000890 
.000460 
.001756 
.001435 
.001070 
.001180 
.001596 
.000812 
.000886 
.000896 
.000897 
.000714 
.000789 
.000897 
.001415 
.001166 
.001145 
.001001 
.001126 
.002828 
.000654 
.001193 
.017971 
.001251 
.001660 
.000863 
.001943 
.001038 
.001144 
.001240 
.001174 
.002094 
.000496 
.002532 
.002692 



Fraction. 



V«o 
Vfw 
Vmi 
Va» 

Vl818 

Vua 

Vsi74 
Vm8 

V«w 

V847 

Ve» 

'/l«84 

Vim 
Vun 

'/l«0 

Vl266 
VUJI 
'/707 
■/t88 

V^73 

'/lOOO 

'/.■•.■,3 
\ 1.'.30 

',56 
'/OO 
' 002 



'/lI.Vj 

^•.'■l4 



V47r 
'/2016 
Vaw 



In LenRth of 10 Feet. 



Feet. 
.02221 

.01129 

.01723 

.01894 

.01872 

.00550 

.00890 

.00460 

.01755 

.01435 

.01070 

.01180 

.01596 

.00812 

.00886 

.00896 

.00897 

.00714 

.00789 

.00897 

.01415 

.01166 

.01146 

.01001 

.01126 

.02828 

.00654 

.01193 

.17971 

.01251 

.01060 

.00863 

.01943 

.01038 

.01144 

.01240 

.01174 

.02094 

,C0496 

.02532 

.02692 



Inches. 
.2664 

.1336 

.2067 

.2273 

.2246 

.0660 

.1068 

.0552 

.2106 

.1722 

.1284 

.1416 

.1915 

.0974 

.1063 

.107.'> 

.1076 

.0857 

.0947 

.1070 

.1698 

.1399 

.1374 

.1201 

.1351 

.3394 

.0785 

.1432 

2.1565 

.1501 

.1992 

.1036 

.2334 

.1246 

.1373 

.1488 

.14C9 

.2513 

.0595 

.3038 

.3230 
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The Specific Heat of a body signifies its capacity for heat or the quan- 
tity of heat required to raise the temperature of the body one degree 
Fahrenheit, compared with that required to raise the temperature of an 
«qual weight of water one degree. 

Table no. 7. 

Specific Heats. 

D. K. C. 



SUBSTANCE. 



Ice 

Water at 32« F 

Gaseous Steam 

Saturated Steam.™ 

Mercury 

Sulphuric Etlier, 
Density .715 

Alcohol 

Lead 

Gold 

Tin 

Silver 

Brass 

Copper 

Zinc 

Nickel 

Wrought Iron 

Steel 

Cast Iron 

Brickwork and Ma- 
sonry 

Coal 



SPECIFIC HEAT. 



0.504 
1.000 
0.475 
0.305 
0.0333 

0.5200 

0.6588 

0.0314 

0.0324 

0.0566 

0.0570 

0.0939 

0.0951 

0.0956 

0.1086 
1138 to 0.1255 
1165 to 0.1185 

0.1298 

0.200 
0.2411 



SUBSTANCE. 



Anthracite 

Oak Wood 

Fir Wood 

Oxygen (Equal 

Weights ; Con 

stant Volume).- 
Air ( at Constant 

Pressure ) 

Air (Equal Weights 

Constant Vol.) 
Nitrogen (Equal 

Wgts; Constant 

Volume) 

Hydrogen (Equal 

Wgts; Constant 

Volume) 

Carbonic Oxide 

(Equal Weights; 

Constant Vol.) .. 
Carbonic Acid 

(Equal Weights; 

Constant Vol.) .. 



SPECIHC HEAT. 



0.2017 

0.570 
0.650 



0.1559 
0.2377 
0.1688 

0.1740 

2.4096 

0.1768 

0.1714 




Hotel Van Nuys, 

LOS ANGELES, CAL. 

Contains 200 H, P. of Heine Boilers. 
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COMBUSTION. 

Combustion or Burning is the chemical combination of the constitue 
of the fuel, mostly carbon and hydrogen, with the oxygen of the air. 1 
nitrogen remains inert and causes loss of useful effect to the extent of t 
heat it carries off through the chimney. 

The hydrogen combines with enough oxygen to form water whi 
passes off as steam. 

The carbon combines with enough oxygen to form carbonic acid or ca 
bon dioxide gas (perfect combustion) or with only enough to form carbon 
oxide or carbon monoxide gas (imperfect combustion). 

The following table gives the quantities of air, the heat evolved and th 
resulting temperature from the combustion of constituent parts of fuel, undt 
the supposition that the chemical requirements are exactly fulfilled : 



TABLE No. 8. 

Combustion Data, 
o. H. L. 



Combustible. 



Atomic 
WelKht. 



Combustion Product. 



Wjt. of 

Oxyiren| Amount of air 
per lb of consumed per lb. 
Com- I of combustible, 
bustibte 





(H)=.l 


Oxygen (O) 

Hydrogen (H) 


10 


1 


Carbon (C) 


12 


Carbon (C) 


12 


Carbonic oxide 




(CO) 


28 


Marsh gas (C H*) 
(lightnydrocar'n) 




IC 


01efiantgas(;C2H<) 
(heavy hydrocar- 






bon) 


2S 


Sulphur (S) 


32 



£X ^^ jtcapcrat'c tl 
a *- ^9, CO nbaBdaa. 
n*S e rio surpia» 



Lbs. I Lbs. 



Water (HsO) 8.0 



iCarbonic oxide (CO) 

Carbon dioxide (CO2) 

I 

Carbon dioxide 



CO2 and H2O. 



CO2 and H2O 
SO2 



1.33 
2.66 

0.57 

4.00 



3.43 
1.00 



34.8 

5.8 

11.6 

2.48 

17.4 



I 457 

76 

I 152 

33 

229 



15.0 
4.35 



196 
57 



B.T. U.; Dee. P»br. 



62032 6898 

4452! 2358 

14500 4939 



4325 
26883 



21290 
4032 



5508 
9624 



9775 
3637 



Conditions for the Complete Combustion of Fuel in Furnaces. 

For insuring completeness of combustion, the first condition is a sufficient 
supply of air ; the next is that the air and the fuel, solid and gaseous, should 
be thoroughly mixed ; and the third is that the elements — air and combusti- 
ble gases — should be brought together and maintained at a sufficiently high 
temperature. The hotter the elements the greater is the facility for good 
combustion. 

Rule l. To find the quantity of air at 62° /v., under one atntos^ 
chemically consumed in the complete combustion of one pound of fuel of a ^ 
composition. Let the constituent carbon, hydrogen, and oxyge" *' 
as percentages of the total weight of the fuel. To the 
times the hydrogen, and from the sum deduct four-ten' 
Multiply the remainder by 1.52. The product is the quai 
in cubic feet. 

Formula :— A = 1.62 (C -f 3 H — .4C 




—12— 



To find the weight of the air chemically consumed, divide the volume 
found as above by 13.14 ; the quotient is the weight of the air in pounds. 

Rule 2. To find the total weight of the gaseous products of the aympUte 
combustion of one pound of a fuel^ multiply the percentage of constitutent 
carbon in the fuel by 0.126, and that of hydrogen by 0.358. The sum of 
these products is the total weight of the gases in pounds. 

Formula :— W = 0.126 C + 0.358 H (2) 

Rule 3. To find the total volume, at 62' F. , of the gaseous products of 
the complete combustion of one pound of fuel, multiply the constituent percent- 
age of carbon in the fuel by 1.52, and that of hydrogen by 5.62. The sum 
of these products is the total volume in cubic feet. 

Formula :— V = 1.52 C + 5.52 H (3) 

The corresponding volume of the gases at other temperatures is given 
by the formula — 

In which V is the volume at 62° F., t' is the other temperature and V the 
corresponding volume. That is to say, the volume at any other temperature 
t' is found by multiplying the volume at 62' by (t' plus 461), and dividing 
by 523. 

Rule 4. To find approximately the total heating power of one pound of 
a combustible, of which the percentages of the constituent carbon and hydrogen 
are given. To the carbon add 4.28 times the hydrogen, and multiply the 
sum by 145. The product is the heating power in British units. 

Formula :— h = 145 (C -l- 4.28 H) (5) 

Rule 5. To find the total evaporative power, at 212° F., of one pound 
cf combustible , of which the percentages of the constituent carbon and hydro- 
gen are given. To the carbon add 4.28 times the hydrogen, and multiply 
the sum by 0.13 when the water is supplied at 62" F., or by 0.15 when the 
water is supplied at 212^ F. The product is the total evaporative power of 
one pound of the combustible, in pounds of water evaporated at 212^ F. 

Formula :— (Water supplied at 212'), E = 0.15 (C -f 4.28 H) (6) 

Usually considerably more air is admitted than is actually necessary for 
perfect combustion, this amount being stated by various authorities at from 
£0to 100 per cent, in excess of the chemical requirements. It also appears 
jpome experiments made some time ago in England, that the proportion 
r needed decreases as the rate of combustion and temperature 
:reases. 

"* the Heine Boiler is designed so as to obtain a high 
» grate area so proportioned as to get a fairly 
fuel is burned with a minimum of air, and hete 



the economy is increased by reason of the heat saved which 'would 
go to raising the temperature of surplus air. Analyses of the flue ga 
Heine Boilers have often shown a fraction of a per cent, of free oxy; 
at the same time showing a minimum of carbon monoxide gas. 

For average American coals the following table gives good approa 
results for the temperature and volumn of gases, in the furnace, und 
varying conditions of practice. In applying it the actual quantities 
used should be measured by an anemometer : 

Table No. lO. 

Temperature of Combustion and Volumes of Produc 

J. M. w. 



Temperature op 

Gas. 

Fahrenheit. 



32 

68 

104 

212 

392 

572 

752 

1112 

1472 

1832 

2500 

3275 

4640 



12 lbs. 



Supply of Air fn lbs. per lb. of Fuel. 

I 18 lbs. I 



24 lbs. 



Volume of Air or Gases in Cubic Feet at Each Tempenitur*. 



150 
161 
172 
205 
259 
314 
369 
479 
588 
697 
906 
1136 
1551 



225 

241 

258 

307 

389 

471 

553 

718 

882 

1046 

1359 

1704 



300 

322 

344 

409 

519 

628 

738 

957 

1176 

1896 

1812 



i 




Heine Boiler Water Legs in Process 
of Construction. 
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COAL. 

Coal is by far the most important fuel in use. The cases where w 
Is used are exceptional, and becoming more so as population increases j 
timber becomes scarce and more in demand for structural purposes. V« 
favorable local conditions are necessary before fuel oils or gases can comp 
with coal. It is interesting to trace the gradual increase in the demand 
coal. 

In England coal was first used in the twelfth century, and \vas then a 
long after known as sea-coal to distinguish it from char-coal. This nai 
was given it from the fact that it was first believed to be a marine prodw 
being gathered among the seaweed and other wreckage cast up by the wav 
on Northumbrian beaches. Later on the name was given to coal broug! 
from over the sea. 

About the year 1200 the English began to dig coal systematically for tf 
use of their smiths and lime burners. In 1281 the entire coal trade of Ne\ii 
castle on Tyne amounted to about $500 a year. In 1307 the brewen 
dyers, etc., of London had so generally adopted coal in their "works that . 
commission to abate the smoke nuisance was instituted. Its powers am 
methods were far less restricted than those of similar commissions now beity 
very generally instituted in American cities. 

In dwellings coal was not used till the middle of the fourteenth century, 
since chimneys had first to be invented, but early in the fifteenth century we 
find Falstaff sitting "at the round table, by a sea-coal fire." 

In 1577 a writer says in regard to the coal mines, "Theyr greatest trade 
beginneth now to grow from the forge into the kitchin and hall." When 
the Stuarts came to the English throne they made the use of coal fashiona- 
ble, so that in 1612 a writer states that it had become "the generale fuell of 
this Britaine Island." "Coking" coal (originally "cooking'* it) came in 
vogue about 1640, and in 1656 an English knight anticipated the St. Louis 
Smoke Committee of 1892 in attempting to introduce coke for domestic pur- 
poses. But as late as 1686 sea-coal and pit-coal were considered "not use- 
ful to metals," and char-coal still held the field in smelting furnaces. But 
during the next fifty years, lead, tin and finally iron furnaces began to use 
coal. Soon after the gradual development of steam power began. In 1800 
the total production of coal in Great Britain had reached ten million tons. In 
1891 the records show 185,479,126 tons of which about 1-6 was exported, 
1-6 was for domestic use, and the other 2-3 was consumed in the arts and 
manufactures. 

In the United States up to 1860 the use of wood as fuel, for dy 
for factories, steamboats and locomotives was quite general, exf 
anthracite coal districts. But since then the use of bituminous 
creased rapidly and steadily for all purposes. 

The following table gives the amounts of coal pr 
ghteen years : 
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TABLE NO. 11. 

Amount of Coal, in Tons of 2000 lbs.,Mined in the United States 

Since 1880. 



YEAR. 


ANTHRACITE. 


ALL OTHERS. 


TOTAL. 


1880 


26,249,711 


47,398,286 


73,647,997 


1881 


31,920,018 


56,327,412 


88,247,430 


1882 


32,614,507 


65,588,241 


08,202,748 


1883 


35,418,353 


72,663,765 


108.082,118 


1884 


36,558,478 


73,836,730 


110,395,208 


1885 


38,335.973 


74,273,838 


112.609.811 


1886 


39,035,446 


75,624,846 


114,66t,292 


1887 


42.088,196 


88,887.109 


130,975,305 


1888 


46,619,564 


98,850,642 


145,470.206 


1889 


39,656,635 


98.460.065 


138,116.702 


1890 


46,468.640 


109.604.971 


156,073,611 


1891 


50,665.431 


118.878,517 


169,543,948 


1892 


49,735,744 


122,033,611 


171,769,355 


1893 


47,354,563 


128.823.364 


176,177,927 


1894 


52,010,433 


117,950.348 


169,960,781 


1895 


51,785,122 


135,118,193 


186,903,315 


1896 


48,010.616 


137,640,276 


185.650.892 


1897 


46,814,076 


147.789,904 


194,603,980 



In the United States a long ton of coal is 2240 lbs. 
In the United States a short ton of coal is 2000 lbs. 
In Illinois, Kentucky and Missouri 80 lbs. of bituminous coal make a 
bushel. 

In Pennsylvania, 76 lbs. of bituminous coal make a bushel. 

In Indiana 70 lbs. of bituminous coal make a bushel. 

A cubic foot of solid anthracite coal weighs 93,5 lbs. 

Forty-two cubic feet of prepared anthracite coal weigh one long ton. 



Coal may be arranged in five classes : 

1st. Anthracite, or blind coal, consisting almost entirely of free carbon. 

Dry bituminous coal, having from 70 to 80 per cent, of carbon. 

Bituminous caking coal, having from 50 to 60 per cent, of carbon. 
Long flaming or cannel coal, having from 70 to 85 per cent, of 



Lignite, or brown coal, containing from 56 to 76 per cent, of 



2d. 

3d. 

4th. 
carbon. 

5th. 
carbon. 

In the United States the anthracites are found mainly in the eastern 
portion of the Allegheny Mountains and the Rocky Mountains of Colorado ; 
the dry bituminous coals in Maryland and Virginia ; the caking coals in the 
great Mississippi Valley ; the cannel coals in Pennsylvania, Indiana and 
Missouri; the lignites in Colorado, Texas and Washington. The second and 
third classes furnish the b^st steam coal. 

The following table, compiled from a number of analyses of coals 

^'otiffht in the open market may prove of value, bearing in mind what we 

difference between theoretical and practical heating powers. 

tat a noted German engineer, Mr. F. Bode, says on this 

^i'tific value of a given coal from an elementary 

'^ves results greatly at variance witK a-»v 
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TABLE NO. 12. 

Table of American Coals. 

Heating and Evaporative Power. 



COAL 

Name <jr Locality. 




COAL. 
Name or Locality. 



! I 



_2 



:ii 



I « 



'tit* 



ARKANSAS. 

Coal Hill, Johnson Co 11812 

Huntington Co 117S7 

Huntington Co 11906 

Huntington Co , 12537 



ILLINOIS. 

Big Muddy, Jackson Co 
Big Muddy, Jaclcson Co 
Big Muddy, Jacl<son Co 
Big Muddy, Jackson Co 
Carterville 



Carterville 

Carterville 

Carterville 

Carterville 

Carterville 

Carterville 

Colchester 

Colchester Slack 

Collinsville, Madison Co. 

Dumferline Slack 

Duquoin, Jupiter 

Glen Carbon- , 

Glen Carbon 

Gillespie, Macoupin Co 

Girara, Maci>upin Co 

GirarJ, M.^LOupin Co 

Heitz Biurf, St, Clair Co. 
Heitz Bluff, St. Clair Co. 

Hurricane 

MuJJy Valley 

Oakland, St. Clair Co 

Paradise 

St. Bernard 

St. Clair 

St. Clair 

St. Clair 

St. John, Perry Co 

St. John, Perry Co 

Streator, LaSalle Co 

Trenton, Clinton Co 

Trenton, Clinton Co 

Turkey Hill 

Turkey Hill 

Vulcan 

Vulcan 



INDIANA. 



Block 



INDIAN TERRITORY. 



Atoka,..,. 

Choctaw Nation 

McAllister 

McAllister 



11466 

ll.')2» 

11781 

11200 

11481 

1238.3 

1149K 

11407 

11337 

11700 

11400 

9848 

9035 

10143 

9401 

10710 

9<575 

9804 

9739 

9954 

10209 

10332 

10.')7G 

11868 

11718 

10395 

11340 

10080 

9261 

10294 

10(547 

9765 

9828 

11403 

10584 

11245 

11255 

11260 

9450 

10620 



12.22 
12.16 
12.32 
12.97 



IOWA. i I 

Milwaukee Pea 10240 10.61 

Thornburgh 10090 , 11 W 

Muchikinock 11370 11.77 

Good Cheer 8702 9.01 

KENTUCKY I 

Kanawah 12689 

Kanawah 13345 



MARYLAND. I 

George's Creek Cumberland .... 13700 j 
George's Creek Cumberland .... 13400 1 
George's Creek Cumberland .... 12800 

I MISSOURI. j I 

I Bevier j 9800 

Cannel ; 11832 

I Carter 10880 

Elston ; 12656 

I Freeburg | 11436 

; Henry 10466 

Keene 10956 

K. T 10448 

Lump 9414 



Coal 



NEW MEXICO. 



OHIO. 



Hocking Valley. 

Jackson Co 

Jackson Co 



10407 


10.77 


11088 


11.47 


12789 


13.23 


13287 


13.75 


12800 


13.25 



PENNSYLVANIA. 

Cleartield 

Pittsburgh 

Pittsburgh Gas 

Pittsburgh Slack 

ReynolJsville 

Wilkesbarre 

Youghiofjheny 

YoughioKheiiy 

YouKhiogheny 

Yaughiogheny 

Youghiogheny 

Youfiliiogheny 

Youghfogheny 

Youghiogheriy 

Youghbiihtny 

YaughJHigheny 

Youghiogheny 

Youghtogheny 

Yotjgbiogheny 

Youghiogheiiv 

Oil (Crude) 

Oil (Crude) 



11756 



13309 
12343 
11600 



14000 
13104 
13035 
11739 
12981 
13563 
12936 
12600 
13480 
13287 
12900 
13222 
12278 
13305 
12600 
ISilI 
12487 
12600 
133QB 



13.13 
13.81 



14.18 
13.87 
13.S5 



10.24 
12.34 
11.36 
13.8: 
11.83 
10.83 
11.34 
10.81 
9.75 



12.17 



13.78 
18.77 



14.48 
1S.M 
18.49 
12.1S 
U.44 
14.M 
13.99 
13.03 
13.96 
13.75 
18.3S 
13.e9 
12.71 
13.77 
13.M 
13.47 
12.SS 
13.M 
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Table of American Coals — Continued. 



COAL. 

Name or Locality. 



TENNESSEE. 

Glen Mary, Scott Co 

Lump 

Lump 



i . 


|5Sl 


il 


oa 


fuu»§ 



COAL. 

Name or Locality. 



TEXAS. 



Ft. Worth. 
Ft Worth. 



VIRGINIA. 



Pocohontas 

Pocohontas 13029 



13167 
12600 
12215 



9450 
11803 



13363 



13.63 
13.04 
12.65 



9.78 
12.22 



13.83 
13.49 






WASHINGTON. 

Carbon Hill 

Carbon Hill 

Carbon Hill 

WEST VIRGINIA 

New River 

New River 

New River 

New River 



12316 
12085 
12866 



13374 
12806 
12800 
12962 



i > 9 k 



12.75 
12.51 
13.32 



13.84 
13.26 
13.25 
13.52 



The average proximate analysis of a few of the commonest coals are given in the fol- 
lowing table : 



Moisture. 



Ordinary Illinois 

Best Illinois 

Pennsylvania Bituminous 
Pennsylvania Anthracite . 
New River, W. Va 



9.90 
6.4fi 
1.7( 

2.oe 

.86 



Volatile 
Matter. 


Fixed 
Carbon. 


Ash. Sulphur. 


33.40 

30.60 

31.80 

6.40 


43.80 
54.60 
60.10 
78.40 
77.60 


12.80 ; 3.35 
8.30 1.78 
6.40 .84 

13.20 


18.40 


2.90 0.26 




Plant of the Orleans Street Ry. Co., 
NEW ORLEANS, LA. 
' H. P. Heine Boilers. 



As foreign results in the work of botli boilers and engines are frequently 
•brought to our notice by the professional press, it will be convenient to have 
some tables of English, French and other foreign coals, for purposes of com- 
parison, and they are here given : 
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TABLE NO. 14. 

Composition and Heating Power of French Coals. 

D. K. c. 



COAU 



RONCHAMP. 



No. 1 — 76.5 

No. 2--- ...08.6 

No. 3 ....i76.2 

No. 4- 73.1 

Average ! 73.6 

SARREBRUCK.* 

Dudweiier— —J 71.3 

Altenwald ! 69.3 

Heinitz -.■ 70.3 

Friedrlchsthal --, 07.8 

Louisenthal 64.7 

Sulzbach J 73.8 

VonderHeyt-- -. 70.6 

BLANZY. I 

Montceau 66.1 

Anthracitic 67.0 

Creuzot, Anthracite.- 87.4 







CO.HPOSITIO.N. 




1 

■3 


c 

1 
1 


■ 
; Z , ^ 


w 
< 


Per 
Cent. 


Per 
Cent. 


Per ; Per Per 
Cent. Cent. Cent. 


Per 
Cent. 



1 £ 



1 1 Heating | ^ 

i , poweb of i « ^ 

I lb. ofCual.! uk 
_^ 

, ■ -s* ... 



Per 
Cent. 



Per 
Cent. 



!B.T. U. B.T. U.l 



4.4 
4.0 
4.1 
3.8 
4.1 

4.1 
4.3 
4.3 
4.2 
3.9 
4.6 
4.5 



3.0 
4.7 
5.9 
4.9 
4.6 



1.1 ; 

1.1 I 
1.0, 
1.0 
1.5 I 



0.8 



I 

9.2 0.5 
9.9 0.5 
11.5 ' 0.5 
13 8 0.5 
15.0 I 0.5 
9.6 0.6 
11.2 , 0.5 

I 



15.0' 
20.8: 

12.8 ' I 62.3 
16.2 1 62.4 
16.2 1 ' 60.5 



61.7 , 23.3 

55.6 ! 23.6 

i 24.9 

,21.4 

I 23.3 



1.8 
2.5 
1.8 
1.0 
3.6 
1.6 
2.7 



4.4 ' 13.2 0.5 10.3 
3.6 1 5.9 0.5 21.0 

3.5 I 3.2 0.5 . 3.6 



13.1 
13.5 
11.6 
12.7 
12.3 
10.4 
10.5 



53.5 
52.9 
53.7 
50.2 
47.3 



33.4 
33.6 
34.7 
37.1 
40.4 



PtonaJi 

W«l*. 

; 14857! 13820; 14.86 
13743.12430, 14.23 
14086113590, UM 
, 13995: 12960J 14.49 
14045J 13220 14.54 



14.33 
13.<9 
14.08 
14.1S 
13.11 



i 13833 12880 

1332012720 

,1354812800 

i, 136471 12440 



12665111800 



5.0 
2.0 
1.8 






13608 
113865 

12720 
12825 
16108 



13480 14.09 
13030, 14.36 

12890^ 13.17 
11950': 13.28 
148501 16.68 



Combustion of Coal. 

"When coal is e.vposed to heat in a furnace, a portion of the carbon and 
hydrogen, associated in various chemical unions, as hydro-carbons, are vol- 
atilized and passed off. At the lowest temperature, naphthaline, resins, and 
fluids with high boiling points are disengaged ; next, at a higher tempera- 
ture, volatile fluids are disengaged ; and still higher, olefiant gas, followed by 
common gas, light carburetted hydrogen, which continues to be given off 
after the coal has reached a low red heat. What remains after the distilla- 
tory process is over, is coke, which is the fixed or solid carbon of coal, with 
earthy matter, the ash of the coal. 

Taking the fixed carbon, or coke remaining in the furnace after the vol- 
atile elements are distilled off, for round numbers at 60 per cent., the follow- 
ing is an approximate summary of the condition of the elements of average 
coal, after having been decomposed, and prior to entering into combustion: 
100 POUNDS OF AVERAGE COAL IN THE FURNACE. 



Composition. Lbs. 

r,rK«n /Fixed f>0 

Carbon | Volatilized - --.-£0 

Hydrogen - --- 5 

Sulphur --- I 1-4 

Oxygen 8 

Nitrogen -- 1 1-5 

Ash - - — - 4 



DEcoMPosmos. Las. 

Fixed Carbon 60 

Hydrocarbons 24 

Sulphur 1 W 

Water or Steam 9 

Nitrogen- l 1.5 

Ash 4 



About - 100 

showing a total useful combustible of 86i per cent, of which 26^ per r 
is volatilized. While the decomposition proceeds, combustion proceed 
the 26J per cent, of volatilized portions, and the 60 per cent, of fixe 
bon, successively, are burned. 

* Ti^se an now German Coals. 



100 
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The sulphur and a portion of the nitrogen are disengaged in combina- 
tion with hydrogen, as sulphuretted hydrogen and ammonia. But these com- 
pounds are small in quantity, and, for the sake of simplicity, they have not 
been indicated in the above synopsis. 

There are three modes of supplying coal to ordinary furnaces by hand 
firing, namely : spreading, alternate, and coking firing. In spreading firing 
the charge of coal is scattered evenly over the whole surface of the grate, 
commencing generally at the bridge, and working forward to the door. In 
alternate firing the charge of coal is laid evenly along half the width of the 
grate at a time, from back to front, each side alternately. In coking firing 
the charge of coal is thrown on to the dead plate and the front part of the 
bars and left there for a time, in order that the mass may become coked 
through, and when that is done the mass is pushed back towards the bridge, 
and another charge is thrown on to the front of the fire in its place. In this 
way the gases are gradually evolved from the coal at the front, while a bright 
fire is maintained at the back. 

It is thought advantageous, in slowly burning furnaces having long flues, 
that the fuel should be slightly moist, and that the ash pits should be sup- 
plied with water, from which steam may be generated by the heat radiated 
downwards from the fire, and passed through the firegrate. The access of 
water to the fuel lessens the "glow fire" or flameless incandescence of the 
fixed carbon on the grate, and increases the quantity of flame by forming 
carbonic oxide and hydrogen gases in its decomposition into its elements, 
oxygen and hydrogen, and the reduction, by the oxygen, of the carbonic 
acid already formed in the furnace. The newly made gases are afterwards 
burned in the flues. The presence of moisture, even in coke, gives rise to 
fiame in the flues, and reduces the intensity of the heat in the glow fire. 
The combustion, in fact, is deferred, or distributed ; and it is on this princi- 
ple that moist bituminous coals are most effective in furnaces having long 
flues, as in Cornish boilers. 

That two coals of identical composition may possess very different heat- 
ing powers is evidenced by comparing the bituminous coals of Creuzot and 
Ronchamp, which have the following nearly identical compositions, reckon- 
ing the coal as dry and pure, or free from ash : 

Carbnn, Hydrogen, Oxygen, Heating 

Percent. l-ercent. Percent. Power. 

Creuzot— 88.48 4.41 7.11 17320 

Ronchamp--- 8S.32 4.78 6.89 1(>339 

while there is a difference of six per cent, in the actual heating powers. 
Correspondingly, the Creuzot coal had only 19.6 per cent, of volatile matters, 
while the Ronchamp coal yielded 27 per cent. 

Lignite and Asphalt. 

Br<r '" sometimes of a woody texture, sometimes earthy. 

Black' ^ woody texture, or it is homogeneous, with a 

tesf' nites, more fully developed, are of a schistose 

■ eir composition. The coke produced from 
*'ke that of anthracite, or it retains the 
ss dense thaa coaA. 



Asphalt, like lignite, has a large proportion of hydrogen. It has less 
than 9 per cent, of oxygen and nitrogen, and thus leaves 8^ per cent, of 
free hydrogen, and it accordingly yields a porous coke. 

The average composition of perfect lignite and of asphalt may be taken 
in whole numbers as foHows : 

Liin>lte. AsptMlt. 

Carbon 69 per cent. 79 per cent. 

Hydrogen - — 5 '* 9 " 

Oxygen and Nitrogen - _ 20 " .9 " 

Ash - - — - 6 " 3 " 

100 100 

Coke, by laboratory analysis 47 " 9 *• 

The lignites are distinguished from coal by the large proportion of oxygeo 
in their composition — ^from 13 to 29 per cent. 

The heating powers of lignite and asphalt are respectively measured 
by 13,108 units, and 17,040 units. 

WOOD. 

Wood, as a combustible, is divisible into two classes : 1st. The hard, 
compact, and comparatively heavy woods, as oak, beech, elm, ash ; 2d. The 
light-colored, soft, and comparatively light woods, as pine, birch, poplar. 

In the forests of Central Europe, wood cut down in winter holds, at the 
end of the following summer, more than 40 per cent, of water. Wood kq>t 
for several years in a dry place retains from 15 to 20 per cent, of water. 
Wood which has been thoroughly desiccated will, when exposed to air under 
ordinary circumstances, absorb 5 per cent of water in the first three days; 
and will continue to absorb it until it reaches from 14 to 16 per cent., as a 
normal standard. The amount fluctuates above and below this standard, 
according to the state of the atmosphere. Ordinary firewood contains, by 
analysis, from 27 to 80 per cent, of hygrometric moisture. 

The woods of various trtes are nearly identical in chemical comf>osition, 
which is practically as follows, showing the composition of perfectly dry 
wood, and of ordinary firewood holding hygroscopic moisture : 

Tablh No. 15. 

Desiccated Wood. Ordinary Firewood. 

Carbon 50 per cent 37.5 per cent. 

Hydrogen-- per cent 4.5 percent. 

Oxygen 41 per cent 30.75 per cent. 

Nitrogen 1 per cent -- 0.76percent. 

Ash 1' per cent 1.5 percent. 

100 per cent. 75.0 per cent. 

Hygrometric water-— - - *-5.0 per cent. 

100.0 

The quantity of intersticial space in a closely packed pile of wood, con- 
sisting of round uncloven stems, is 30 per cent, of the gross ' 
stems, the intersticial space amounts to from 40 to 50 per a 

English oak — a hard wood — weighs 68 lbs. n«*' «"l 
specific gravity is .93. Yellow pine — a soft woe 
cubic foot ; its specific gravity is .66. 
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A cord of pine wood — ^that is, of pine wood cut up and piled — in tin 
United States, measures 4 feet by 4 feet by 8 feet, and has a volume of 12i 
cubic feet. Its weight in ordinary condition averages 2700 lbs.; or 21 lbs. 
per cubic foot. 

The quantity of air chemically consumed in the complete combustion of 

one pound of perfectly dry wood, by rule 1, page 13, is 80 cubic feet at 6? 

F., or 6.09 lbs. of air. The quantity of burnt gases for 1 lb. of perfectly 

dry wood are 

Table No. 16. 

By Weight. By Volume. 

Lbs. Percent Cu. ftatez^F. Percent. 

Carbonic acid— -.1.83 21.7 15.75 14.4 

Steam--- -.0.54 6.4 11.40 10.4 

Nitrogen - 6.08 71.9 82.01 75.2 

Totals -.8.45 100.0 109.16 100.0 

showing that there are SJ lbs., or 109 cubic feet, at 62" F., of burnt gases 
per pound of wood, 13 cubic feet to the pound. 

The total heat of combustion of perfectly dry wood, by rule 4, page 14, 
J 10974 units, which is 75 per cent, of that of coal, and is equivalent, by 
rule 5, to the evaporation of 11.36 lbs. of water from and at 212° F. 

When the wood holds 25 per cent, of water, there is only 75 per cent 
or three-quarter pound of wood substance in one pound ; and the total heat 
of combustion is 75 per cent, of 10974 units, or 8230 units, which is only 
56 J per cent, of that of average coal. Similarly, the equivalent evaporative 
power is reduced to 8.52 lbs. of water from and at 212°, of which the equiva- 
lent of a quarter of a pound is appropriated to the vaporizing of the con- 
tained moisture — ^that is to say, for evaporating one-quarter pound of water, 
supplied at 62^ F., the quantity of heat is 1116^-^4=279 units, and the net 
available heat for service is 8230 — 279=7951 units per pound of fuel holding 
25 per cent of water.* 

In order to obtain the maximum heating power from wood as fuel, it is 
the practice, in some works on the continent of Europe, — as glass works and 
porcelain works, — where intensity of heat is required, to dry the wood fuel 
thoroughly, even using stoves for the purpose, before using it.** 

D. K. C. 

The American Society of Mechanical Engineers in their Rules for Boiler 
Tests allow 1 lb. of wood = 0.4 lb. of coal ; or 2.^ lbs. of wood = 1 lb. <rf 
coal. Other authorities estimate 2^ lbs. of dry wood = 1 lb. of good coal. 
One pound of wood is practically equivalent to one pound of any other kind 
of wood equally dry. 

Table no. 17. 

1 cord of hickory or hard maple weighs 4500 lbs. and = 2000 lbs. coal. 

1 cord of white oak weighs 3860 lbs. and = 1711 lbs. coal. 

1 cord of beech, red oak, or black oak weighs 3250 lbs. and = 1445 lbs. coal. 

1 cord of poplar, chestnut, or elm weighs 2350 lbs. and = 1044 lbs. coal. 

1 cord of average pine weighs 2000 lbs. and = 890 lbs. coal. 

* This figure may be used for a close approximation in comparing a certain kind of 
wood to a known coal. Suppose the calculated heat in a pound of the coal to be 1302S 
B. T. U., and an actual boiler test showed an evaporation of seven pounds of water per pouod 
of coal. Then 13025:7951::7:4.28, i. e., you may expect to evaporate about 4.28 lbs. of 
water per pound of the wood in the same boiler. 
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In substituting any kind of wood for coal under a boiler, the dimensions 
of the furnace must be increased, preferably mainly in the height, so that 
by carrying a greater depth of fuel nearly as much by weight may be present 
in the furnace as was usual or necessary with the coal. 



" BAGASSE." 

Bagasse is the fibrous portion of the cane left after the juice has been 
extracted from it in the mill. There is a great difference in the chemical 
composition of bagasse ; that from tropical canes shows a greater proportion 
of combustibles. 

Prof. L. A. Becnel, in an address to the Louisana Sugar Chemists Asso- 
ciation,, said: "The judicious use of bagasse as fuel is perhaps one of the 
most important questions with which we have to deal, and which has a direc*t 
bearing on the reduction of cost of manufacture." He then quotes from Mr. 
N. Lubbock that 4.83 lbs. of bagasse from a double mill making 72 per cent 
extraction, or 5.98 lbs. of single mill bagasse of 66 per cent extraction, will 
produce about as much heat as one pound of Scotch coal. 

Mr. L. Metesser, as the result of a number of tests in Cuba and Mexico, 
reports from 4.25 to 5 lbs. of 70 per cent bagasse as equal to one pound of 
good coal. 

Tropical cane and the bagasse remaining after mill extraction are of 
about the following composition : 

Came. 66 ?( Bagasse. 70% Bagasse. 12% Bagasst. 

WoodyFlbre 12.6 87 40 48 

Water 73.4 63 60 • 46 

Combustible Salts - 14.1 10 TO » 

100 lbs. 100 lbs. 100 lbs. 100 lbs. 

Taking these figures as a basis, and remembering that the water in the 
bagasse has to be first brought up from an average temperature of say 86' F., 
to steam under atmospheric pressure, requiring 1060 H. U., and that this 
steam has to be raised to the average stack temperature say 300® higher, and 
taking the specific heat of gaseous steam at 0.475, which would give say 142 
H. U. more, therefore a total of 1200 H. U. per pound of water. Mr. Lub- 
bock found 51 per cent of carbon in the woody fibre, and 42.1 per cent of car- 
bon in the combustible salts. Since a pound of carbon in perfect combustion 
will liberate 14500 H. U., we will have /« 100 lbs. of 66 per cent bagasse, 
834660 H. U., from which we must deduct 63600 H. U. as absorbed by the 
water, leaving 271060 H. U. available as fuel. In like manner, we have in the 
72 per cent bagasse 387730 H. U., from which we must deduct 55200 absorbed 
by the water, leaving 332530 H. U. available. 

In comparing this with good Youghiogheny coal of sa»' " * «iid 

good Scotch coal of 148C0 H. U. calorific value, we 
GO per cent bagasse to be : 

5 lbs- bagasse equals one pound ^ 
5.52 " " •• " *• 

and that of the 72 per cent bagasse to 

3.85 lbs. bagasse equals oar 
4.dS " " " 



I It will probably require considerably more of the Louisiana bagasse than 
of the tropical bagasse, since it has about 25 per cent less woody fibre thaft 
the latter. 

Mr. Becnel, estimates with 75 per cent Louisiana bagasse as a basis, that 
•* To manufacture one ton of cane into sugar and molasses, it will take from 
145 to 190 lbs. additional coal by the open evaporation process ; from 85 to 
112 lbs. additional coal with a double effect," and with triple effect it appears 
the bagasse alone would do the work, and have enough steam to spare to 
run engines, grind cane, etc. "If this has not yet been accomplished in 
Louisiana, may it not be due more to imperfect boiler and evaf>orating plants 
than to a deficiency in heat producing properties of the bagasse?" 

The above of course can only be taken as approximately correct. The 
results will vary greatly according to the kind of boilers and furnaces used. 
From the nature of this fuel, it follows that it should be fed continuously into 
a very hot fire brick chamber, and that plenty of room must be left in the 
furnace and boiler setting to accommodate the large volume of gas and steam 
produced by the bagasse. 




Bridge Mill Power Co., 

PAWrUCKET. R. 1. 

Contains CIO H. P. of Heine Boilers. 



The higher the per cent of extraction the more fuel value the bagasse 
"Will have, and as it will necessarily contain less moisture, the larger pro- 
portion of this enhanced fuel value becomes available in the boiler furnace. 
The improvement in boiler plants will thus naturally go hand in hand with 
improved methods of extraction. 

TAN AND STRAW. 

Tan. 

"Tan, or oak bark, after having been used in the process of tanning, is 
tnirned as fuel. The spent tan consists of the fibrous portion of the bark. 
According to M. Peclet, five parts of oak bark produce four parts of dry tan ; 
And the heating power of perfectly dry tan, containing 15 per cent of ash, is 
^100 English units, while that of tan in an ordinary state of dryness, con- 
-taining 30 per cent of water, is only 4284 English units. The weight of 
water evaporated at 212° by one pound of tan, equivalent to these heating 
powers, is as follows : 

With 80% •# 
perfectly Dry. Moisture. 

Water supplied at 62^ 6.46 lbs. 3.84 lbs. 

Water supplied at 212= 6.31 lbs. 4.44 lbs. 

(See note under Wood.) 

Straw. 

The composition of straw, in its ordinary air-dried condition, is given by 
Mr. John Head, as follows: 

Table No. is. 

Wheat Straw. Barley Straw, . Mean, 

per cent per cent. per cent 

Carbon 35.86 36.27 36. 

Hydrogen - -- 6.01 6.07 6. 

Oxygen — 37.68 38.26 38. 

Nitrogen 45 .40 .426 

Ash - 5.00 4.60 4.76 

Water - 16.00 16.60 16.76 

100.00 100.00 100.00 

The weight of pressed straw is from 6 lbs. to 8 lbs. per cubic foot. 

Heat of Combustion of Straw. 

For straw of mean composition, the total heat generated is, by rule 4, 
equal to 145 [36 H- (4.28x5)] = 8323 units of heat, or the evaporation of 
7.46 lbs. of water from and at 212^ F. Deducting the heat absorbed in 
■evaporating the constituent water, 15iJ per cent, or. 16 lb., equal to Ill6x.l6=s 
179 units, the available heat is 8323—179 = 8144 units, equivalent to the 
evaporation of 7.30 lbs. of water from and at 212°. 

(Sm Wood.) 



Petroleum is » 'fid in abundance in 

America and Europe inte-Claire Deville, 

the composition of i was found to be 

practically the same '^ The extreme 
juid the average ele 



TABLE No. 19. 

Chemical Composition of Petroleum. 

Carbon 82.0 to 87.1 per cent. Average, 84.7 per cent. 

Hydrogen 11.2 to 14.8 per cent. Average, 13.1 per cent. 

Oxygen 0.5 to 5.7 per cent. Average, 2.2 per cent. 

100.0 

The total heating and evaporative powers of one f>ound of p>etroleiiiD 
having this average composition are, by rules 4 and 5, as follows : 

Total heating power = 146 [84.7 -f (4.28X13.1)] = 20411 units. 

Evaporative power : evaporating at 212^', water supplied at 62^ >= 18.29 lbs. 
Evaporative power : evaporating at 212"-, water supplied at 212° b» 21.13 lbs. 

Petroleum oils are obtained in great variety by distillation from petroleum. 
They are compounds of carbon and hydrogen, ranging from Cm Hk t» , 
C82 H64 ; or, in weight ; 

TABLE NO. 20. 

Chemical Composition of Petroleum Oils. 

Mean. 

c,„„ / 71.42 Carlwn "I . f 73.77 Carbon 72.60 

'^'^o'" I '2S.r>8 Hydrogen ] ^° \ 26.23 Hydrogen 27.40 

100.00 100.00 100.00 

The specific gravity ranges from .628 to .792. The boiling point ranges 
from 86 to 495 F. The total heating power ranges from 28087 to 26975 
units of heat ; equivalent to the evaporation, at 212 , of from 25.17 to 24.17 
lbs. of water supplied at 62 , or from 29.08 lbs. to 27.92 lbs. of water supplied 
at 212\ 

D. K. C. 

Oil as a Fuel. 

A few years ago the question of using oil as a steam fuel was quite 
seriously considered, but experience has shown, that at the prevailing 
prices, it is more economical, in most parts of the country, to use some 
other fuel. Oil, however, has many advantages over the more bulky 
fuels, as by the mere turning of a' valve fire can be started instantaneously, 
and may be increased or decreased at once. Furthermore, the heat pro- 
duced by oil is more uniform than that generated with coal or wood, and 
as there is no necessity for opening the furnace doors the detrimental action 
of quantities of cold air impinging against the boiler is avoided. With its 
use there is a great economy in the labor of attendance, and there is no 
coal to be brought in or ashes to be carried out. The storage space is 
small so that a quantity sufificient for a long period of time can be kept 
without serious inconvenience. Combustion being practically complete no 
soot is deposited on the heating surfaces of the boiler so that ** ' dismission j 
of heat is always at a maximum. 

The use of oil fuel on locomotives has be "> t 

as abroad. The cost of fuel however has pr 
ts superior advantages are fully apprecia 



In November, 1894, the Baldwin Locomotive Works, of Philadelphia 
equipped an engine for burning fuel oil and obtained the results statec 
below : 



TESTS OF OIL FUEL ON LOCOMOTIVE. 



DATE. 1894. 



Weight of train, approximate, lbs 

Number of cars 

Length of run, miles 



Time of run 

Running time 

Average steam pressure, lbs 

Oil consumption, total lbs... 

Total gallons 



Per hour 

Per square foot of grate ! 

Per square foot of grate per hour 1 

Per square foot of heating surface 

Per square foot of heating surface per hour, 

Water evaporated : total lbs 

Total from and at 212** F 

Per hour 

Per hour from and at 212" F 

Per lb. of oil 

Per lb. of oil from and at 212* F.* 

Per square foot of heating surface 

Per square foot of he.iting surface per hour, 

Per square foot of heating surface per hour 

from and at 212* F 



No. 1. 
November x j. 



1,308,160 I 
2.') and 20 ' 

89.7 

h. m. 8. 

6 27 00 

5 14 48 

•.«:J7 
905 
lbs. 
1,003.2 
237 
38.3 
3.13 
0.49 
70,9.33 
sr>,622 
10.998 
13,280 
10.69 
12.90 
33.47 
5 19 



6.64 



No. a. 


Mdi. 


November tB. 


Miniwrt^n 


1.216,120 


1.48MII 


30 


M 


54.9 


SIJ 


h. m. B. 


lum.fl. 


2 56 41 


S SOO 


2 23 26 


9 4Bf 


171 


171 


3,200.7 


8,701 


lbs. 


Ite. 


1,086.9 


1,11QS 


114.32 


inji 


38.82 


mM 






34,151.7 


W.lOiJ 


41,465.1 


46,2»l.f 


14,082.2 


'isVssTis 


10.67 


10^ 


12.95 


ISJt 


16.12 


18.48 


5.48 


5.54 



6.55 



*Withi>ut JeJuctinc: the steam consumed for vaporlzini; the <ill. or the entrainment 



The most notable installation of steam boilers using oil as a fuel was at 
the World's Fair in Chicago in 1893. Cost, however was not the determin- 
ing factor, but the cleanliness of the fuel and the absence of all dirt and the 
convenience decided its adoption. At the Mid-Winter Fair in San Francisco 
in i<S94, oil was tlie fud used for tlie same reasons as in the case of the 
Chicago Exposition. At both placfS Heine Boilers were used, and a series 
of tests showed that an evaporation of from 14.5 to 15 lbs. of water from and 
at 212 deg. per Ih. of oil is about the average. These results were verified 
by some tests made in 1895 at the plant of the Chicago Edison Co. with 
Heine Boilers, but here as in many other cases, it was not economy to 
continue the use of this ideal fuel. 

The results of certain tests made by the Edison Light and Power Com- 
pany, of San Francisco, Cal., were as follows: 

Ev.iporation with California oil 13.1 pounds to I 

•' Peru oil 12.1 " to 1 

" White Ash coal 6.68 " to 1 

The California oil used weighed 320 pounds to the barrel- The Peru 

oil used weighed 2'M pounds to the barrel. 

1 pound of California oil = 1.96 pound 
1 pound of Peru oil = 1.81 pouiu 
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Afr. Emerson AfcMillin^ in October, 1887, made an exhaustive investi- 
gation of the subject of fuel gas from which we extract the following : 

" The relative calorific value of the various gases now in use for heat- 
ing and for illumination have been frequently published, yet, in the discus- 
sion of this subject we cannot well avoid a reproduction of some of the 
figures. 

" Notwithstanding the fact that tables of this character have been so 
often published, we are all more or less confused occasionally by seeing 
statements made that make the comparison totally different from our pre- 
conceived ideas as to their relative calorific values. 

*' This confusion occurs from the fact that at one time we see the com- 
parison of the gases made by weight, and at another time the comparison is 
made by volume. We present here the comparison made both by weight 
and by volume, and shall use natural gas as the unit of value in both com- 
parisons : 

Table No. 21. 
Relative Values. 

By Weight By Volum*. 

Natural gas 1,000 1,000 

Coal gas 949 666 

Water gas 292 292 

Producer gas 76.6 130 

" The water gas rated in the above table — as you will understand — is 
the gas obtained in the decomposition of steam by incandescent carbon, and 
does not attempt to fix the calorific value of illuminating water gas, which 
may be carbureted so as to exceed, when compared by volume, the value of 
coal gas. 

Table No. 22. 
Composition of Gases. 



Natural Gas. 

Hydrogen 2.18 

Marsh gas 92.60 

Carbonic oxide 0.50 

Olefiant gas 0.31 

Carbonic acid 0.26 

Nitrogen 3.61 

.- 0.34 

r 0.00 

:id 0.20 



VOLUME. 




Coal Gas. Water Gas. 


Producer Gaa. 


46.00 45.00 


6.00 


40.00 2.00 


3.00 


6.00 45.00 


23.50 


4.00 0.00 


0.00 


0.50 4.00 


1.50 


1..50 2.00 


65.00 


0.50 0.50 


0.00 


1.50 1.50 


1.00 









100.00 100.00 100.00 100-00 
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TABLE No. 23. 

Composition of Gases. 



Natural Gas. 

Hydrogen 0.268 

Marsh gas 90.383 

Carbonic oxide 0.857 

Olefiant gas 0.631 

Carbonic acid 0.700 

Nitrogen 6.178 

Oxygen 0.666 

Water vapor 000 

Sulphydric acid 0.417 



WEIGHT. 




Coal Gas. 


Water Gas. 


ProdncerGas. 


8.21 


5.431 


0.458 


67.20 


1.931 


1.831 


16.02 


76.041 


25.095 


10.01 


0.000 


0.000 


1.97 


10.622 


2.517 


3.76 


3.380 


69.413 


1.43 


0.965 


0.000 


2.41 


1.630 


0.686 



100.000 100.000 100.000 100.000 

" Some explanations of these analyses are necessary. The natural gas 
is that of Findlay, O. The coal gas is probably an average sample of coal 
gas, purified for use as an illuminant. The water gas is that of a sample of 
gas made for heating, and consequently not purified, hence the larger per 
cent, of COa that it contains. 

"Since calculating the tables used in this paper, I am satisfied that the 
sample of water gas is not an average one. The CO is too high, and H is 
too low. Were proper corrections made in this respect, it would increase the 
value in heat units of a pound, but not materially change the value when 
volume is considered, and as that is the way in which gases are sold, the 
tables will not be recalculated. 

" The producer gas is that of an average sample of the Pennsylvania 
Steel Works, made from anthracite, and is not of so high grade as would be 
that made from soft coal. 

"The natural gas excels, as shown in Table 21, because of the large per 
cent, of marsh gas. In no other form, in the gases mentioned, do we get so 
much hydrogen in a given volume of gas. 

" It is the large per cent, of hydrogen in the coal gas that makes it so 
nearly equivalent to the natural gas in a given weight, but much of the hy- 
drogen in coal gas being free, makes it fall far short of natural gas in calorific 
value per unit of volume. 

"A further comparison of the value of the several gases named may be 
made by showing the quantity of water that would be evaporated by 1000 
feet of each kind of gas, allowing an excess of 20 per cent, of air, and 
permitting the resultant gases to escape at a temperature of 500 degrees. 
This sort of comparison probably has more practical value than either of the 
others that have been previously given. We will assume that the air for 
combustion is entering at a temperature of GO degrees. 

Table No. 24. 

Water Evaporation. 

Natural Gas. Coal Gas. Water Gas. ProducerGas- 

Cubic feet gas 1000 1000 1000 1000 

Pounds water 893 691 262 116 
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" The theoretical temperature that may be produced by these several 
gases does not differ greatly as between the three first-named. The pro- 
ducer gas falls about 26 per cent, below the others, giving a temperature of 
only 3441° F. 

*• Water gas leads in this respect, with a temperature of 4850". 

"A comparison of the resultant products of combustion also shows water 
gas to possess merit over either natural or coal gas, when the combustion of 
equal quantities — say 1000 feet — is considered. An excess of 20 per cent, 
of air is calculated in the following table : 

Table No. 25. 

Resultant Gases of Combustion. 

Natural Coal Water Producer 

Quantity— 1000 ft. Gas. Gas Gas. Gas. 

Weight of gas before combustion, lbs 45.60 32.00 45.60 77.60 

Steam 94.25 69.718 25.104 6.92 

Carbonic acid - ..119.59 68.586 61.754 36.45 

Sulphuric acid 0.36 

Nitrogen 664.96 427.222 170.958 126.67 

Total weight after combustion-- 879.16 565.526 257.816 169.94 

Pounds oxygen for combination 167.46 107.961 43.149 19.67 

" You will observe, by the following table, that, with the exception of 
producer gas, each kind gives off nearly one pound of waste gases for each 
pound of water evaporated. This quantity includes 20 per cent, excess of air: 

Table No. 26. 

Weights of Water Evaporated and Resultant Gases. 

Natural Coal Water Producer 

Gas. Gas. Gas. Gas. 

Weight of water evaporated-- 893.25 691.000 262.000 115.100 

Weight of gases after combustion ---879. 16 566.526 257.816 169.946 

** The vitiation of the atmosphere per unit of value in water evaporation 
is practically the same in water gas as in natural gas. 

•* However, the e.xcess of o.xygen does no harm, and the steam and 
nitrogen can not be regarded as very objectional products. The gas that 
robs the air permanently of the most oxygen, and produces the greatest 
quantity of carbonic acid per unit of work, must be classed as the most 
objectionable from a sanitary standpoint. 

Table No. 27. 

Oxygen Absorbed and Carbonic Acid Produced. 

In Combustion. Natural Coal Water Producer 

Gas. Gas. Gas. Gas. 

Pounds of oxygen absorbed per 100 lbs. water 

evaporated - - -.18,75 18.27 16.47 17.96 

Pounds of COi produced per 100 !bs. water 

--.13,40 11.60 23.57 31.70 

[plus CO produced 32.15 29.87 40.04 49.66 

Is shown that if pollution by carbonic acid and the 

hsorption of o.xygen are equally deleterious to the 

' the head as being the least objectionable." 

^n elaborate calculation of a mi,\ture of 

d qualities of the three artificial gases 

Der cent., coal gas 20.35, water gas 




After calculating the cost of such gas, he proceeds : 

" Here we may note some features, that to my mind are interesting; 
that is, the cost of various gases per 1,000,000 units of heat which they are 
theoretically capable of producing. 

** In working out these figures I put wages, repairs and incidentals and 
the cost of the ton of good gas coal at $2.00, and a ton of hard coal or coke 
at the same price, and the quantities of production as follows: Coal gas 
from soft coal, 10,000 feet ; water gas from hard coal, 40,000 feet; and pro- 
ducer gas, 150,000 feet. 

Table No. 28. 
Cost per 1,000,000 Units of Heat. 

Coal gas 734,976 units, costing 20.00 cents = 27.21 cents per mill. 

Water gas 322,346 units, costing 10.88 cents = 33.76 cents per mill. 

Producer gas- --117,000 units, costing 2.58 cents = 22.05 cents per mill. 
Our mixture-- -323,115 units, costing 7.88 cents = 24.39 cents per mill. 

" Thus it will be seen that after all coal gas costs but 11.6 per cent 
more per unit of heat than the mixture that we have worked out, while 
water gas, per unit of heat, costs 38.38 per cent, more than the mixed 
product." 

After a discussion of methods of delivery and the various uses for the 
fuel gas, he concludes : 

"The demand for fuel gas. like the demand for electric light, has come 
to stay. It will not down. Scientific investigators, as well as the public, 
insist that tlu-re ou^ht to be, and must be, a change in the mode of domestic 
andindustri.il heating. Our present systems are not in keeping with the 
orogress of the nineteenth century." 

Professor Win. B. Potter, March, 1892, says: 

** The convenience and economy attending the use of natural gas in a 
number of localities in this country have led many people to believe that 
fuel gas, made from coal at lar^e centra! stations, and distributed to factories 
and works, is the fuel of the future which will not only clear all chimneys 
but reduce all fuel bills as well. While it is unquestionably true that fuel 
gas is especially adapted for household use and will play an important part 
in the future for such use, it is equally true that as a fuel for raising steam 
it can never compete in the matter of economy with coal directly applied. 
At several establishments where ^as is employed for certain industrial heal 
requirements attempts have been made to u.se the gas under boilers; at 
first glowing reports were circulated indicating a saving over roal of 20% 
and even 33if^. A little experience has always shown, however, not only 
that such results are not attained, but that the cost of the gaseous fuel is so 
much in excess of coal used directly as to make it necessary to return to the 
latter system. A 

A calculation made by Prof. Potter. assurniii;i conditions as fo 
St. Louis, and allowinji all uncertain assumptions tn lavnr the g 
that even with gas manufactured on a larjze scale, coal u>^ed dirr 
vantage of more than 170 per cent, over gas. 
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Natural Gas, is variously constituted, and hence the estimates of its 
heating power vary. 

Experiments in Pittsburgh show 1000 cubic feet of natural gas in actual 
efficiency under boilers equal to from 80 to 133 pounds coal. The coal 
varies from 12000 to 13000 B. T. U. per pound ; hence say 1,000,000 to 
1,200,000 B. T. U. per 1000 feet of natural gas. 

A Committee of the Western Society of Engineers of Pittsburgh, report 
1 lb. good coal = 7J cubic feet natural gas. 

When burnt with just enough air its temperature of combustion is 
4200° F. The Westinghouse Brake Co. in Pittsburgh found that with the 
best grade of Youghiogheny coal they could evaporate 10.38 lbs. water, and 
with tlie same boiler 1.18 feet natural gas evaporated 1 lb. water. They con- 
clude that 1 lb. Youghiogheny coal = 12J lb. natural gas, or 1000 cubic 
feet natural gas = 81.6 lb. coal. 

The Indiana natural gas gives 1,100,000 B. T. U. for 1000 cubic feet 
and weighs 0.045 lbs. per cubic foot. 

The analyses compare is follows : 

Table No. 29. 
Analyses of Natural Gas. 



PlttsburKh, Pa.. Gas. 

Hydrogen 22.0 

Marshgas 67.0 

Carbonic oxide 0.6 

defiant gas 1.0 

Carbonic acid 0.6 

Nitrogen 3.0 

Oxygen 0.8 

Ethylic hydride 5.0 

Sulphuretted hydrogen 

100.0 



Find'.ay. Ohio. Gas. 

2.13 
92.61 
0.26 
0.30 
0.50 
3.61 
0.34 

0.20 
100.00 




. y. Heine Boiler "en route." 
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WATER. 



Pure water at 62'' F. weighs 62.355 pounds per cubic foot, or 8i pounds 
per U. S. gallon ; 7.48 gallons = i cubic foot. It takes 30 pounds or 3.6 
gallons for each horse-power per hour. It would be difficult to get at the 
total daily horse-power of steam used in the U. S., but it reaches into the 
billions of gallons of feed water per day. 

The importance of knowing what impurities exist in most feed waters, 
how these act on a boiler, and how they may be removed is, therefore, 
patent to every intelligent engineer. 

We give, therefore, the thoughts of some prominent investigators on 
the subject. 

Prof. Thurston says : 

" Incrustation and sediment are deposited in boilers, the one by the 
precipitation of mineral or other salts previously held in solution in the feed- 
water, the other by the deposition of mineral insoluble matters, usually 
earths, carried into it in suspension or mechanical admixture. Occasionally 
also vegetable matter of a glutinous nature is held in solution in the feed- 
water, and, precipitated by heat or concentration, covers the heating-surfaces 
with a coating almost impermeable to heat and hence liable to cause an 
over-heating that may be very dangerous to the structure. A powdery 
mineral deposit sometimes met with is equally dangerous, and for the same 
reason. The animal and vegetable oils and greases carried over from the 
condenser or feed water heater are also very likely to cause trouble. Only 
mineral oils should be permitted to be thus introduced, and that in minimum 
quantity. Both the efficiency and the safety of the boiler are endangered 
by any of these deposits. 

*' The amount of the foreign matter brought into the steam-boiler is 
often enormously great. A boiler of 100 horse-power uses, as an average, 
probably a ton and a half of water per hour, or not far from 400 tons per 
month, steaming ten hours per day, and even with water as pure as the 
Croton at New York, receives 90 pounds of mineral matter, and from many 
spring waters a ton which must be either blown out or deposited. These 
impurities are usually either calcium carbonate or calcium sulphate, or a 
mixture ; the first is most common on land, the second at sea. Organic 
, . nijittters often harden these mineral scales, and make them more difficult of 
il. 

The only positive and certain remedy for incrustation and sediment 

^sited is periodical removal by mechanical means, at sufficiently 

Tvals to insure against injury by too great accumulation. 

ome good may be done by special expedients suited to 

No one process and no one antidote will suffice for all 
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" Where carbonate of lime exists, sal-ammoniac may be used as a pr^ 
ventive of incrustation, a double decomposition occuring, resulting in the 
production of ammonium carbonate and calcium chloride — both of which are 
soluble, and the first of which is volatile. The bicarbonate may be in part 
precipitated before use by heating to the boiling-point, and thus breaking iq» 
the salt and precipitating the insoluble carbonate. Solutions of caustic lime 
and metallic zinc act in the same manner. Waters containing tannic acid 
and the acid juices of oak, sumach, logw(x>d, hemlock, and other woods, are 
sometimes employed, but are apt to injure the iron of the boiler, as may 
acetic or other acid contained in the various saccharine matters often intro- 
duced into the boiler to prevent scale, and which also make the lime-sulphate 
scale more troublesome than when clean. Organic matters should never be 
used. 

•' The sulphate scale is sometimes attacked by the carbonate of soda, 
the products l)eing a soluble sodium sulphate and a pulverulent insoluble 
calcium carbonate, which settles to the bottom like other sediments and is 
easily washed off the heating-surfaces. Barium chloride acts similarly, 
producing barium sulphate and calcium chloride. All the alkalies are used at 
times to reduce incrustations of calcium sulphate, as is pure crude petroleum, 
the tannate of soda, and other chemicals. 

"The efft^ct of incrustation, and of deposits of various kinds, is to 
enormously reduce the conducting power of heating-surfaces ; so much so, 
that the power, as well as ihe economic etficiency of a boiler, may become 
very greatly reduced below that for which it is rated, and the supply of 
steam furnished by it may become wholly inadequate to the requirements of 
the case. 

"ThtTL- is much controversy as to the loss in efficiency due to scale on 
the heating' surfaces, but the preponderance of evidence seems to be that scale 
does not affect the transmission of heat to the extent popularly supposed. 
The boilers of steam ve.^sels are peculiarly liable to injury from this cause 
where using salt water, and the introduction of the surface-condenser has 
been thu-^ broujiht ab«»ut as a remedy. Land boilers are subject to incrusta- 
tion by the carbonate and other salts oi limo, and by the deposit of sand or 
mud mechanically suspended in tiie teed-water. 

" It has been estimated that the annual ci>st ox operation of locomotives 
in limestone districts is increased $7.'>() !»v deposits nf scale." 

We ^live below an extract from an interostin-j paper on the '' Impurities 
of Water." contributed by .\\es>:s. Hunt and Clapp, t-> the transactions of 
the .American Institute o;' MiniU:: H:i^ineers. tor 18SS. 



Conimeijial Analyses. 

B\- far the m'\<t cxrr.nion coniniercial analvsisof water is made w- 

mine its tltness f ^r ma',<.:u steam. Water containing m«>re thr 
per hundred thousand oi tree sulphuric or nitric acid is liable to < 
corro^i'-n. not only oi the metal of the boiler it^ *he 

ders, pist/'P.s, and valves with which the steam 
acid is t!ic only one ox these acids liable to I 
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natural sources ; it being often produced in the water of tlie coal and iron 
districts, by the oxidation of iron pyrites to sulphate of iron, which, being 
soluble, is lixiviated from the earth strata, and carried into the streatp. The 
presence of organic matter taken up by the water in its after-course, reduc- 
ing the iron and lining the bottom of the stream with red oxide of iron, and 
leaving a considerable proportion of the sulphuric acid free in the water. 
This is a troublesome feature with the water necessarily used in many of 
tlie iron districts of this country. The sulphuric acid may come from other 
natural chemical reactions than the one described above. Muriatic and nitric 
acids, as well as often sulphuric acid, may be conveyed into water through 
the refuse of various kinds of manufacturing establishments discharged into it. 

The large total residue in water used for making steam causes the inte- 
rior linings of the boilers to become coated, clogs their action, and often pro- 
duces a dangerous hard scale, which prevents the cooling action of the water 
from protecting the metal against burning. 

Lime and magnesia bicarbonates in water lose their excess of carbonic 
acid on boiling, and often, especially when the water contains sulphuric acid, 
produce, with the other solid residues constantly being formed by the evap- 
oration, a very hard and insoluble scale. 

A larger amount than 100 parts per 100,000 of total solid residue will 
ordinarily cause troublesome scale, and should condemn the water for use 
in steam boilers, unless a better supply cannot be obtained. 

The following is a tabulated form of the causes of trouble with water for 
steam purposes, and the proposed remedies, given by Prof. L. M. Norton, in 
his lecture on '* Industrial Chemistry." 

Brief Statement of Causes of Incrustation. 

1. Deposition of suspended matter. 

2. Deposition of dissolved salts from concentration. 

3. Deposition of carbonates of lime and magnesia by boiling off car- 
bonic acid, which holds them in solution. 

4. Deposition of sulphates of lime, because sulphate of lime is but 
slightly soluble in cold water, less soluble in hot water, insoluble above 140^ 
Centigrade. (2S4 degrees Fahrenheit.) 

5. Deposition of magnesia, because magnesium salts decompose at 
high temperature. 

6. Deposition of lime soap, iron soap, etc., formed by saponification 
of grease. 

Various Means of Preventing Incrustation. 

1. Filtration. 

2. Blowing off. 

8. Use of internal collecting apparatus or devices for directing the cir- 

itment of water in boiler, 
boiler, 
water outside of boiler. 
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Tabular View. 



Troublesome Substance. 

Sediment, mud, clay, etc. 

Readily soluble salts. 

Bicarbonates of lime, magnesia, 
iron. 



Sulphate of lime- 
Chloride and sulphate of magne- 
sium. 



Trotible. 
Incrustation. 
Incrustation. 

Incrustation. 

Incrustation. 
Corrosion. 



Carbonateof soda in large amounts. Priming. 

Corrosion. 
Corrosion. 



Acid (in mine waters). 

Dissolved carbonic acid and ox- 
ygen. 



Grease (from condensed water). Corrosion. 

Organic matter (sewage). Priming. 

Organic matter. Corrosion. 



Remedy or Palliation, 
f Filtration. 
I Blowing off. 

Blowing off. 

r Heating feed. Addition of cau» 
< tic soda, lime, or magne 
[ sia, etc. 

/ Addition of carbonate of soda, 
I barium chloride. 

/Addition of carbonate of soda, 
I etc. 

/Addition of barium chloride, 
I etc. 

Alkali. 

{Heating feed. Addition of caus- 
tic soda, slacked lime, etc. 

{Slacked lime and filtering. Car- 
bonate of soda. Substitute 
mineral oil. 

/Precipitate with alum or ferric 
\ chloride and filter. 

Ditto. 



The mineral matters causing the most troublesome boiler-scales are bi- 
carbonates and sulphates of lime and magnesia, oxides of iron and alumina, 
and silica. We present here a table showing the amount and nature of im- 
purities in feed water in different sections of the United States. (Table 33.) 

Note. The mud drum of the Heine Boiler, surrounded as it is, by water at a 
temperature of about SSO"* F., forms a sort of live steam purifier in which a large part 
of the scale forming salts are precipitated. It is largely on this account that the 
Heine Boiler is able to work satisfactorily with the most impure waters, where other 
boilers, lacking the mud-drum-purifier, fail of success altogether. This has been 
practically demonstrated on many occasions. Probably no "tougher" water is 
encountered by boiler users anywhere, than in Columbus, Ohio. Heine Boilers sup- 
planted flue boilers there, that were struggling in vain against scale. The success ef 
the Heine Boiler with this water was a most unqualified one. The L. Hoster Brewing 
Co. and the Columbus Electric Light and Power Co. both have large plants of 
Heine Boilers, and we think will cheerfully testify to the superiority of the Heine 
Boiler in this respect. It Is not claimed that NO scale will form in the Heine Boiler 
when operated with scale producing water. It is only those boilers which have no 
particular reputation for good service, those boilers that are guaranteed (?) to do 
anything and everything, that run scaleless on bad water. Eternal vigilance Is the 
price of many things besides liberty and constant watchfulness is necessary if scale 
is to be avoided in any boiler. But common, every day experience has shown that 
the conditions which aid in the prevention of scale in boilers are more perfectly pro- 
vided for in the Heine than in any other type. 



Oil or grease often causes as much trouble in boilers as scale or mud, 
and is much more difficult to remove, as it cannot be " blown off.** It re- 
quires especial care where a part or the whole of the feed water comes from 
condensers or from heating coils where exhaust steam is used. 

We reprint a warning given by the oldest boiler insurance company in 
ilie United States. 
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Table No. S3. 
Table of Water Analyses. 

Grains per U. S. Gallon, 231 Cubic Inches. 



WHERE FROM. 



Buffalo, N. Y., Lake Erie 

Pittsburgh, Allegheny River 

Pittsburgh, Monongahela River.. 

Milwaukee, Wisconsin River 

Galveston, Texas, 1 

Columbus, Ohio 

Washington, D. C, city supply-- 

Baltimore, Md., city supply 

Sioux Cit>', la., city supply 

Los Angeles, Cal., 1 

Bay City, Michigan, Bay -.. 

Bay City, Michigan, River 

Cincinnati, Ohio River 

Watertown, Conn 

Ft. Wayne, Ind 

Wilmington, Del -- 

Galveston, Texas, 2.. 

Wichita, Kansas - -- 

Los Angeles, Cal., 2 

St. Louis, Mo., well water 

Pittsburgh, Pa., artesian well 

Springfield, 111., 1 

Springfield, III., 2.- 

Hlllsboro, 111 - 

Pueblo, Colo... - -- 

Long Island City, L. I 






S<3 

3 



Mississippi River, above Missouri 
River - 



Mississippi River, below moutli of 
Missouri River 



River at St. Louis 



"t mouth. 



5.06 

0.37 

1.06 

0.23 

13.08 

20.76 

2.S7 

2.77 

If>.70 

10.12 

SA7 

4.S4 

3.38 

1.47 

8.78 

10.04 

21.79 

14.14 

.3.72 

27.04 

23.45 

12.99 

5.47 

14.56 

4.32 

4.0 

8.24 

10.64 

9.04 
10.07 



E EA 



3.S2 
3.78 
6.12 
4.07 
13.£2 
11.74 
3.27 
0,65 
1.24 

10.36 

33.66 

0.7S 

4..'J1 

G.22 

6.02 

29.141^ 

25.91 

12.69 

23,73 

6.71 

7.40 

4.31 

2.97 

16.15 

28.0 

I 1.02 

I 

I 6.94 
! 8.92 



2 



0.58 
0.58 
0.64 
1.70 

326,64 
7.02 

Trace, 

Trace, 

1.17 

3.51 

20.48 

126.78 
1.79 
1.76 
3,51 
4.20 

393.99 
24.34 

15.57 

18.41 
1.97 
1.56 
2.39 
1.20 

16.0 

0.50 

1.36 

1.54 
1.87 






0.37 
0.78 
20.14 
Trace. 
0.58 
0.36 
0.10 
1.03 
2.63 
1.15 
3.00 

Trace. 
1.59 
8.48 



0.76 
3.49 
1.04 
2.19 
4.28 
1.63 
•1.97 



1.22 

1.57 
3.26 



0.18 
1.50 
3.20 
6.50 

Trace. 
6.50 
2.10 
3.80 
4.40 
4.10 
8.74 
10.92 

Trace. 
1.78 

10.98 
6.17 
4.00 
2.00 
6.00 
0.46 
0.82 
8.62 
5.83 

Trace. 
5.12 
1.0 

5.25 

15.86 

9.85 
11.37 



9.74 

6.60 

10.80 

I 39.30 

'353.84 

' 46.60 

8.60 

7.30 

27.60 

26.20 

49.20 

179.20 

6,73 

9.52 

31.08 

35.00 

4;^.93 

66.39 

23.07 

70.29 

49.43 

a3.17 

2L45 

21.55 

28.76 

39.0 

15.01 

36.49 

29.54 
35.49 
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V.Reprinted from "THE LOCOMOTIVE," March, 1885; published by the Hartford Steam 
Boiler Inspection and Insurance Co.) 

The Effect of Oil in Boilers. 

We have often referred to the fact that the presence of grease or any of 
the animal oils in steam boilers is almost certain to cause trouble. Our 
L lustration this month gives a better idea of the effect produced than pages 
of verbal description possibly could. It is from a photograph and is nowise 
exaggerated. 




The boiler from which the plate shown in the cut was taken, was a 
nearly new one. It was made of a well-known brand of mild steel, and 
that it was admirably adapted to the purpose for which it was used, is proved 
by its stretching as it did without rupture. The dimensions of bulge shown 
are four feet lengthwise of the boiler, three feet girthwise and nine inches 
deep. The metal, originally 5-16 of an inch thick, drew down to }i inch in 
thickness at the lowest point of the "bag" without the slightest indication 
of fracture. 

The circumstances under which the bulge occurred may best be described 
in the words of the inspector who examined the boiler, and are as follows : 

"Last Tuesday morning 1 was called in great haste to the works. 

Upon arrival I found one of the boilers badly bulged, and with twenty pounds 
of steam up. I could give no explanation until I had thoroughly examined 
the internal parts of the boiler. I gave directions for cooling the boiler and 
ordered lop man-hole plate to be loosened, but not to be taken out until my 
arrival in the afternoon, that I might see everything undisturbed. This was 
done. On my arrival I took out the man-hole plates in top of shell and 
front head * * * and made an examination." 

' ' I found that the boiler had been cleaned the preceding Sunday, and at that 
time a gallon or more of black oil had been thrown into it. Monday morning 
the boiler was fired up and was run through the day at a pressure of 90 
pounds per square inch. At six o'clock Monday night the engine was stop- 
ped, the drafts were closed, and no more firing was done until nine o'clock. 
Upon going to fire up at this time, the bulge was observed. From six to 
nine o'clock a pressure of only 40 pounds was carried." 

"Upon examination I found the entire boiler saturated with this oil." 

This is almost certain to be the result of putting grease into a steam 
boiler. It settles down on the fire-sheets, when the draft is closed, and the 
circulation of water nearly stops, and prevents contact between the plates 
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and the water. As a consequence, the plates over the fire become over- 
heated; and under such circumstances a very slight steam -pressure is suffi- 
cient to bag the sheets. Unless the boiler is made of very good material, 
the plate is apt to be fractured, and explosion is likely to occur. 

When oil is used to remove scale from steam-boilers, too much care 
cannot be exercised to make sure that it is free from grease or animal oil. 
Nothing but pure mineral oil should be used. Crude petroleum is one 
thing; black oil, which may mean almost anything, is very likely to be 
something quite different. 

The action of grease in a boiler is peculiar, but not more so than we 
might expect. It does not dissolve in the water, nor does it decompose, 
neither does it remain on top of the water, but it seems to form itself into 
what may be described as "slugs," which at first seem to be slightly lighter 
than the water, of just such a gravity, in fact, that the circulation of the 
water carries them about at will. After a short season of boiling, these 
"slugs" or suspended drops seem to acquire a certain degree of "stickiness," 
so that when they come in contact with shell and flues of the boiler, they 
begin to adhere thereto. Then under the action of heat they begin the 
process of "varnishing" the interior of the boiler. The thinnest possible 
coating oj this varnish is sufficient to bring about overheating of the plates y 
as we have found repeatedly in our experience. We emphasize the point 
that it is not necessary to have a coating of grease of any appreciable 
thickness to cause overheating and bagging of plates and leakage at seams. 

The time when damage is most likely to occur is after the fires are 
banked, for then, the formation of steam being checked, the circulation of 
water stops, and the grease thus has an opportunity to settle on the bottom 
of the boiler and prevent contact of the water with the fire-sheets. Under 
these circumstances, a very low degree of heat in the furnace is sufficient to 
overheat the plates to such an extent that bulging is sure to occur. When 
the facts are understood, it will be found quite unnecessary to attribute the 
damage to low water. 

This accident also serves to illustrate the perfection to which the manu- 
facture of steel for boiler plates has attained. It would be an extraordin- 
arily good quality of iron that would stand such a test without fracture. 
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Weight of Water. 

The weight of water varies with the temperature as given by the fol- 
fing table. (C. A. Smith.) 

TABLE No. 84, 

^Weight of One Cubic Foot Water at Various Temperatures. 





Welf ht p«r 
Cable Foot. 


Temp., 
Degree* F. 


Weight per 
Cable Foot. 


Temp., 
Degrees F. 


Weight per 
Cabio Foot. 


Temp., 
Degree* F. 


Weight per 
Coble Foot. 


|S2 


62.418 


85 


62.182 


145 


61.291 


205 


59.930 


'. 86 


62.422 


90 


62.133 


150 


61.201 


210 


59.820 


89.1 


62.425 


95 


62.074 


155 


61.096 


212 


59.760 


40 
45 


62.425 
62.422 


100 
105 


62.022 
61.960 


160 
165 


60.991 
60.843 


212 

By mcMafwil 

230 


59.640 
59.360 


60 


62.409 


110 


61.868 


170 


60.783 


250 


58.780 


66 


62.394 


115 


61.807 


175 


60.665 


270 


58.150 


60 


62.372 


120 


61.715 


180 


60.548 


290 


57.590 


65 


62.344 


125 


61.654 


185 


60.430 


298 


57.270 


70 


62..S13 


130 


61.563 


190 


60.314 


338 


56.140 


76 


62.275 


135 


61.472 


195 


60.198 


366 


55.290 


80 


62.232 


140 


61.381 


200 


60.081 


390 


54.540 



Very often in the trials of a boiler or engine the most convenient unit of 
measurement of water is the cubic foot. This will be the case when a weii 
measurement is made or when the water is measured by a water meter. The 
tue of a water meter involves many precautions, the most important being 
ttie following : The meter should work under moderate head of supply and 
small head of delivery ; it should be set In such a manner that it can be 
tested in place under the exact conditions of use ; if a positive meter, it should 
be especially constructed to work freely, if it is to be used in warm water- 
This table is also used for estimating the weight of water in boilers, and for 
correcting boiler trials for differences of water level. 
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>e for Water Pipes. 

» article, 3.6 gallons feed water are required 

'.es 6 gallons per minute for a 100 H. P. 

er, it is well to xevwevcvb^t \J\-aX Vjsi>!«x 



work is seldom perfectly steady, and that as the engine cuts off just as much 
steam as the work demands at each stroke, al/ the discrepancies of demand 
and supply have to be equalized in the boiler. Therefore we may often have 
to evaporate during one-half hour 50 to 75 per cent more than the normal 
requirements. For this reason it is sound policy to arrange the feed pipes so 
that 10 gallons per minute may flow through them, without undue speed or 
friction, for each 100 H. P. of boiler capacity. The following tables will 
facilitate this work: 

Table No. 35. 

Table Giving Rate of Flow of Water, in Ft. per Min., Through 

Pipes of Various Sizes, for Var>ing Quantities of Flow. 




3" 



4" 



30i 

61 

91J 

122 

152i 

183 

213J 

244 

274i 

305 

457i 

610 

762J 

915 

1067J 

1220 



19i 


13.J 


38 


27 


58^ 


40J 


78 


54 


97i 


67J 


117 


81 


136* 


94i 


156 


108 


175^ 


12U 


195 


135 


292* 


202^ 


380 


270 


487J 


337i 


585 


405 


682J 


472J 


780 


540 



7§ 
15^ 
23 
3Ci 
38i 
46 
53S 
Gli 
69 
761 
115 
153i 
191S 
230 
268i 
3061 
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Table No. 

Table Giving Loss in Pressure Due to Friction, in Pounds per 
Sq. In., for Pipe 100 Ft. Long. 

By G. A. Ellis, C. E. 



Gallons 
discharg- 
ed per mln. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

75 

100 

125 

150 

175 

200 



1" 



W 



3" 



3.3 


0.84 ; 


13.0 


3.16 


28.7 


6.98 


50.4 


12.3 


78.0 


19.0 




27.5 




37.0 




48.0 


1 




1 



0.31 
1.05 
2.38 
4.07 
6.40 
9.15 
12.4 
16.1 
20.2 
24.9 
56.1 



0.12 
0.47 
0.97 
1.66 
2.62 
3.75 
5.05 
6.52 
8.15 
10.0 
22.4 
39.0 



0.12 
0.42 

b"9i 

1.60 



0.21 



0.10 



2.44 
5.32 
9.46 
14.9 
21.2 
28.1 
37.5 



0.81 
1.80 
3.20 
4.89 
7.0 
9.46 
12.47 



0.35 
0.74 
1.31 
1.99 
2.85 
3.85 
5.02 



0.09 
0.33' 
a69' 
"l"22' 
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Loss of Head Due to Bends. 

Bends produce a loss of head in the flow of water in pipes. Weisbach 
^ves the following formula for this loss : 

H «— f — where H =- loss of head in feet, f =» coefficient of friction, v 

<^ velocity of flow in feet per second, g = 32.2. 

As the loss of head or pressure is in most cases more conveniently stated 
in pounds per square inch, we may change this formula by multiplying by 
0.433, which is the equivalent in pounds per square inch for one foot head. 

If P = loss in pressure in pounds per square inch, F =- coefficient of 
friction. 

P =- F -i' ., V being the same as before. 

64.4 ^ 

From this formula has been calculated the following table of vclues for 
F, corresponding to various exterior angles, A. 

TABLE No. 37. 



A — 20" I 40" 

F — 0.020,0.060 



45^ 60^ 80^^ 



0.079iO. 158.0.320 0.426, 0.54G 



90^ I 100^ 



110" 
0.674 



120^ 
0.806 



130^ 
0.934 



This applies to such short bends as are found in ordinary fittings, such 
as 90^ and 45'^ Ells, Tees, etc. 

A globe valve will produce a loss about equal to two 90° bends, a 

straightway valve about equal to one 45° bend. To use the above formula 

JSrtii the speed p. second, being one-sixtieth of that found in Table No. 35: 

square this speed, and divide the result by 64.4; multiply the quotient by the 

tabular value of F corresponding to the angle of the turn, A. 

For instance a 400 H. P. battery of boilers is to be fed through a 2" 
pipe. Allowing for fluctuations we figure 40 gallons per minute, making 244 
feet per minute speed, equal to a velocity of 4.06 feet per second. Suppose 
our pipe is in all 75 feet long ; we have from Table No. 36, for 40 gallons per 
minute, 1.60 pounds loss; for 75 feet we have only 75 percent, of this 
— ■ 1.20 pounds. Suppose we have 6 right angled ells, each giving F — 
0.426. We have then 4.06x4.06 == 16.48; divide this by 64.4 =- 0.256. 
Multiply this by F =« 0.426 pounds, and as there are si.\ ells, multiply again 
by 6, and we have 6x0.426x0.256 = 654. The total friction in the pipe 
is therefore 1.20+0.654 = 1.854 pounds per square inch. If the boiler 
pressure is 100 pounds and the water level in the boiler is 8 feet higher than 
the pump suction level, we have first 8x0.433 = 3.404 pounds. The total 
pressure on the pump plunger then is 100-r 3.464-:- 1.854 = 105.32 pounds 
per square inch. If in place of six right angled ells we had used three 45° 
ells, they would have cost us only 3x0.079 = 0.237 pounds ; 0.237x0.256 
— 0.061. 

The total friction head would have been 1.20+0.061=1.261 and the 
total pressure on the plunger 100+3.464+1.261=104.73 pounds per square 
inch, a saving over ♦•*" «*ki»» plan of nearly 0.6 pounds. 

To ly"*- ~ add a certain head in either case " to pro- 

Hur* ^ery small, being for velocities of : 

8; 10; 12 and 18 feet per sec. 
'33; 0.672; 0.970and2.181bs.per sq. in. 
*y about 0.11 lbs. 



It is usual, however, to use larger pipes and thus to materially reduce 
the frictional losses. 



Rating Boilers by Feed Water. 

The rating of boilers has, since the Centennial in 1876, been generally 
based on 30 pounds feed water per hour per H. P. This is a fair average 
for good non-condensing engines working under about 70 to 100 pounds 
l^essure. But different pressures and different rates of expansion change 
fhe requirements for feed-water. The following table, No. 38, gives Prof. 
R. H. Thurston's estimate of the steam consumption for the desi classes o/ 
engines in common use, when of moderate size and in good order: 



Table no. 38. 
Weights of Feed Water and of Steam. 

Non-condensing Engines. — R. H. T. 



2 
8 
4 
5 
6 
8 
10 



Small ei^i 
radiation, etc., i 
ninning than !■ 



Stcam Pressure. 




Lbs. per H 


. p. PER Hour.— Ratio of 


Expansion. 






Lbs. per 
Ml. In. 


2 


3 


4 


5 


7 


10 


3 


45 


40 


39 


40 


40 


42 


45 


4 


60 


35 


34 


36 


36 


38 


40 


6 


75 


30 


28 


27 


26 


30 


32 


6 


90 


28 


27 


26 


25 


27 


29 


7 


105 


26 


25 


24 


23 


25 


27 


8 


120 


25 


24 


23 


22 


22 


21 


10 


160 


24 


23 


22 


21 


20 


20 



Condensing Engines. 



30 


30 


28 


28 


30 


35 


45 


28 


27 


27 


26 


28 


60 


27 


26 


25 


24 


25 


76 


26 


25 


25 


23 


22 


90 


26 


24 


24 


22 


21 


120 
160 


26 

ii 


■1 


23 


22 
21 


21 
20 



40 
32 
27 
24 
20 
20 
19 



ses in friction, in leaks, in 
\ care in construction and 
' ir steam) f>er hour. 



Table No. 
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Table No. 89. 



Feed-Water Required by Small Engines. 



Presaure of Steam 
in Boiler, by Gaufe. 


Pounds of Water per 

Effective Horse-power 

per Hour. 


Pressure of Steam 
In Boiler, by Cause. 


Pounds of Water per 
Effective Hont-pomti 
per Hour. 


10 


118 


CO 


7b 


15 


111 


70 


71 


20 


105 


80 


68 


25 


100 


90 


65 


30 


9?. 


100 


63 


40 


84 


120 


6! 


50 


79 


150 


58 




Boiler Room Alleghany Traction Co. Plant, 

PITTSBURGH. PA. 

500 H. P. Heine Boilers. 

Heating Feed-Water. 

Feed-water as it comes from wells or hydrants has ordinarily a tempera 
ture of from 35' in winter to from 60^ to 70' in summer. 

Much fuel can be saved by heating this water by the exhaust steam 
whose heat would otherwise be wasted. Until quite recently, only non 
condensing engines utilized feed-water heaters ; but lately they have beei 
introduced with success between the cylinder and the air pump in condensinj 
engines. The saving in fuel due to heating feed-water is given in Tablt 
Vo. 40. 
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STEAM. 

When water is heated in an open vessel its temperature rises until it 
reaches 212** (at sea level); if more heat is added a portion of the water 
changes from a liquid form to a vapor called steam. If the process is carried 
on in a closed vessel the pressure within the same rises on account of the 
expansive force of the steam. The water then will rise to a higher temper- 
ature with each increment of pressure before it begins to boil and form steam. 

For the distinction between "sensible" and "latent" heat see p. 7. 

The following table No. 41, giving the properties of saturated steam, is 
adapted from Prof. Peabody's well known tables. The first column gives 
the actual pressure in pounds per square inch above the atmosphere. 

Column two gives the temperature in degrees Fahrenheit for the cor- 
responding pressure. 

Columns three and four give the heat, in heat units, of steam and water, 
respectively, from 32° F. 

Column five gives the heat of vaporization for the corresponding pres- 
sure, and is the difference between columns three and four. 

Columns six and seven give the weight of one cubic foot in pounds and 
the volume of one pound in cubic feet, of saturated steam. 

Column eight gi\'es the approximate weight of one cubic foot of water 
for the corresponding weight and temperature and is calculated from Prof. 
Rankin's approximate formula : 

2 Do . 

D = -= .-;r. ^-;;^ where 

To -f 461 500 _ 

500 "^ to +'461 

D — required density. Do = max. density = 62.425 lbs. 
To »= given temperature in degrees F. 
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Column nine gives the factor of equivalent evaporation from and at 212** 
P., assuming feed to be 212° in each case. For the factor of evaporation for 
my temperature of feed, add 0.00104 to the given factor for each degree dif- 
ference in temperature between feed and 212°. 

For complete table of factors of evaporation, see page 152. 

The horse-power of a boiler is obtained by dividing the equivalent 
evaporation from and at 212° by 30.978. This is on the basis of feed from 
212° to steam at 70 pounds pressure. On the basis of feed from 100° to steam 
at 70 lbs., divide the equivalent evaporation by 34.485. 

Table no. 41. 
Table of the Properties of Saturated Steam, 

From Peabody's Tables. 
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212.00 


1146.6 


180.8 


965.8 


0,03760 


26.60 


59.76 ('•«•*> 
59.64(oh*«^^> 


1.0000 


10 


239.36 


1154.9 


203.4 


946.5 


O.06128 


16,32 


69.04 


1.0066 


30 


268.68 


1160.8 


227.9 


932.0 


0.08430 


11.85 


68.50 


1.0147 


ao 


273.87 


n65.5 


243.2 


922.3 


0.1O70 


0.347 


58.07 


1.0196 


40 


286.54 


1169.3 


255.9 


913.4 


0.1292 


7.736 


57.69 


1.0236 


eo 


tmM 


1172.6 


2ti6.9 


905.7 


0.1512 


6.612 


57.32 


1.0269 


«5 


302.42 


1174.2 


271.9 


902.3 


0.1621 


6.169 


57.22 


1.0286 


ao 


307.10 


1175.(1 


276.6 


K>ti.O 


0.1729 


6.784 


67.08 


1.O300 


65 


311.54 


iire.9 


281.1 


895.8 


0.1637 


5.443 


56.95 


i.oai4 


70 


315.77 


1178.2 


285.6 


892.7 


0.1045 


6.142 


56.82 


1.0327 


76 


319.80 


1179.5 


289.8 


889.8 


0.20S2 


4.873 


56.6R 


1.0341 


80 


323.66 


1180.G 


293.8 


886.9 


0,2159 


4.633 


56.59 


1.0352 


Sfi 


327.38 


11BL8 


207.7 


884. 2 


0.2285 


4.4)5 


56.47 


1.0366 


90 


330.92 


1182.8 


301.5 


881.5 


0.2371 


4,218 


56.36 


1.0376 


BG 


334.35 


1183.** 


3O5.0 


879.0 


0.2477 


4,m7 


66.25 


1.0386 


HO 


337.00 


1184.0 


308.5 


876.5 


0.2583 


3.872 


56.18 


1.0397 


Iffi 


340.86 


1185.9 


311.8 


874.1 


0.2689 


3.720 


56.07 


1.0407 


110 


343.95 


1186.8 


315.0 


871.8 


0.2794 


3.680 


55.97 


1.0417 


115 


34fl,fi4 


1187.7 


318.2 


K60.fl 


0,2898 


3.452 


5^.87 


1.0426 


Idi 


349.85 


1188.6 


321.2 


867.4 


0.3(.>03 


3.330 


65.77 


1.0435 


125 


a'js.tts 


1189..'? 


324.2 


885,3 


O.3107 


3.219 


66.60 


1.0444 


130 


356.43 


inK>.3 
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863.3 


0.3212 


3.113 


65.58 


1.04.'>2 
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iW.lO 


1191.1 


329.8 


861.3 


0.3316 


3.017 


65.52 


1.0461 


140 


360.70 


1191.9 


332.6 


869.4 


0.3420 


2,1>24 


55.-14 


1.0469 


I4fi 


363.25 


1192.8 
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a'>7.5 


0.35:J4 


2.838 


6,5.36 


1.0478 


UO 


365.73 
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337.8 
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0.3620 
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65.29 


1.0436 
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368.62 
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3403 


863.9 


0.3731 


2.681 


55,22 


L0494 


leo 


370.51 


1105.0 


342.8 


852.1 


0.3835 


2.608 


55.15 


1.0500 


165 


372.83 


11P5.7 


345.2 


850.4 


0.3939 


2.539 


55.07 


1.060S 


170 


376.00 


llfifi.3 


347.6 


848.7 


0.404^ 


2.474 


64.90 


1-(V' 


175 


377.31 


1197.0 


340.9 


847.1 


0.4147 


2.412 


B4*« 




180 


379.48 


1197.7 


352.2 


845.4 


0.4251 


2.353 






185 


381 60 


1198.3 


364.4 


843.9 


0.4353 


2.2ft7 






190 


38:^.70 


I ism.o 


356.6 


842.3 


0.44.55 


2.2** 






195 


385.75 


1 iw.a 


358.8 


840.8 


0.4559 


2.V 






900 


387.76 


1200.2 


360.0 


839.2 


0.4663 


? 








307.S6 


1203.1 


870.9 


832.2 


0.6179 








MO 


40fi>C7 


1205.8 


38(1.1 


826.7 


0.W99 








VI 


414.)a 


1308.3 


3SH.6 


819.8 


0.631 








aio 


4S1^ 




396.5 


814.1 


0.6Ti 
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Of the Motion of Steam. 

The flow of steam of a greater pressure into an atmosphere of a less 
pressure, increases as the difference of pressure is increased, until the 
external pressure becomes only 58 per cent of the absolute pressure in the 
boiler. The flow of steam is neither increased nor diminished by the fall of 
the external pressure below 58 per cent, or about ^ths of the inside pressure, 
even to the extent of a perfect vacuum. In flowing through a nozzle of the 
best form, the steam expands to the external pressure, and to the volume 
due to this pressure, so long as it is not less than 58 per cent of the internal 
pressure. For an external pressure of 58 per cent, and for lower percentages, 
the ratio of expansion is 1 to 1.G24. The following table. No. 42, is selected 
from Mr. Brownlee's data exemplifying the rates of discharge, under a 
constant internal pressure, into various e.xternal pressures: 

Table No. 42. 

Outflow of Steam ; From a Given Initial Pressure into 
Various Lower Pressures. 

Absolute Initial Pressure in Boiler, 75 Lbs. per Square Inch. 

D. K. C. 



Mbmotatt Pressure 

la BoiUr in Lbs. 

pmr Square Inch. 


External Pressure 

In Lbs. 
per Square Inch. 


Ratio of 

Expansion In 

Noi2le. 


Velocity of 
Outflow at Con- 
stant Density. 


Actual Velocity 
of Outflow, 
Expanded. 


Discharge per 

Square Inch 

of Orifice per 

Minute. 


Lbs. 


Lbs. 


Ratio. 


Ft. per Sec. 

227.5 


Ft. per Sec. 


Lbs. 


75 


74 


1.012 


230. 


16.68 


75 


72 


1.037 


386.7 


401. 


28.35 


. 75 


70 


1.063 


490. 


521. 


35.93 


76 


65 


1.136 


660. 


749. 


48.38 


75 


G1.G2 


1.198 


736. 


876. 


53.97 


75 


60 


1.219 


765. 


933. 


56.12 


t* 75 


50 


1.434 


873. 


1252. 


64. 


b 76 


45 


1.575 


890. 


1401. 


65.24 


m. 75 


43.46 (589J) 


1.624 


890.6 


1446.5 


65.3 


E 75 


15 


1.G24 


890.6 


1446.5 


65.3 


E ^^ 





1.624 


890.6 


1446.5 


65.3 




When, on the contrary, steam of varying initial pressure is discharged 
:ttie MiMirflMllliiMHEes of which the atmospheric pressure is not 

•f outflow at constant density, that is, 
'iined, is given bv the formula — 
VT (1) 
whet "t per minute, as for steam of the 

inii column of steam of the given abso- 

•veight of which is equal to the 



Table no. 43. 

Outflow of Steam into the Atmosphere. 
D. K. c. 



Absoljtc Initial 
pressure In 
lbs. per S(). in. 


External pres- 
sure In lbs. 
per sq. in. 


Ratio of expan- 
sion In no2<le. 


Velocity of out- 
flow at con- 
stant density. 


Actual velocity 
of outflow, ex- 
panded. 


Discharge tti 

sq. in of on- 
fice per ■■«. 


Lbs. 


Lbs. 


Ratio. 


Ft. per sec. 


Ft. per sec. 


Lbs- 


25.37 


14.7 


1.624 


863 


1401 


22.81 


30 


14.7 


1.624 


867 


1408 


26.84 


40 


14.7 


1.624 


874 


1419 


35.18 


45 


14.7 


1.624 


877 


1424 


39.78 


50 


14.7 


1.624 


880 


1429 


44.06 


60 


14.7 


1.624 


885 


1437 


52.59 


70 


14.7 


1.624 


889 


1444 


61.07 


75 


14.7 


1.624 


891 


1447 


65.30 


90 


14.7 


1.624 


895 


1454 


77.94 


100 


14.7 


1.624 


898 


1459 


86.34 


115 


14.7 


1.624 


902 


1466 


98.76 


135 


14.7 


1.624 


906 


1472 


115.61 


155 


14.7 


1.624 


910 


1478 


132.21 


165 


14.7 


1.624 


912 


1481 


140.46 


215 


14.7 


1.624 


919 


1493 


181.58 



The Economic Value of Dry Steam. 

Saturated steam is defined as steam of the maximum pressure and 
density due to its temperature. It is steam in its normal condition, being 
both at the condensing and the generating point. It is formed thus in a well- 
designed boiler, and any heat added would evaporate more water, while heat 
taken away would condense some of the steam. In badly-proportioned 
boilers, however, we find water entrained in the steam in the form of a fine 
mist. This is caused by imperfect arrangements for separating the steam 
from the water; by a liberating surface either too small or too near the hot 
metal ; by a cramped or low steam-space; or by more heating surface than 
the water-space or circulation warrants. It is only during the last decade 
that the attention of steam users generally has been bent on getting dry 
sleatn, i.e., saturated steam containing but a small percentage of entrained 
water. 

Formerly, with long stroke and slow speed engines, and when cylinder 
condensation was understood but by a few experts, this entrainment was 
rarely measured. 

In Mr. D. K. Clark's celebrated Manual for Mechanical Engineers (1877), 
which contains the record and careful analysis of many notable boiler tests, 
entrainment is not even mentioned. Most of the high results of ancient 
tests which are paraded in advertisements are therefore open to the suspicion 
that they may have been obtained by delivering " soda water "in place of 
steam. Since calorimeter tests have become common, entrainments up to 6 
and 10 per cent, have been found in boilers apparently giving high econ<Mny. 
As early as 1860, Chief Engineer Isherwood, of the U. S. Navy, ber** 
investigating the economic losses due to moisture in the cylinder. 



— 60 — 



Superheated steam was suggested as a remedy for cylinder condensation 
by Prof. Dixwell, of Boston, early in 1875, and Mr. Hirn, of Mulhouse, made 
extensive and successful experiments in this line in 1873 and 1875 (first 
published in 1877). Where good saturated steam induces such wasteful 
condensation in the cylinder, wet steam greatly increases the losses. For 
the water cools the internal surfaces of the cylinder more rapidly than steam 
of the same temperature, and this increases the cylinder condensation. 
Hence, economic reasons condemned wet steam, and finally close-coupled 
and nigh-speed engines protested against entrainment in.the emphatic language 
of broken valves and blown out cylinder heads. 

Marine boilers are called upon for a maximum of work in a minimum of 
space, and are therefore more liable to entrain water ; this was especially 
the case with the low-pressures in use before 1880. We therefore find super- 
heated steam resorted to in the navy at an early day. 

Exhaustive experiments made by Mr. Isherwood early in the sixties 
show large gains in economy by superheating, and thus illustrate the losses 
due to water in the steam. 

We choose only two examples in which the boiler pressure and the rate 
of expansion are alike ; the economy found is therefore clearly du«j to super- 
heating the steam, or conversely the loss is due to cylinder condensation. 

Table no. 44. 



Name of Steambr. 


Pounds 

Gauge 

Pressure. 


Rate 

of 

Expansion. 


Pounds 

Coal 

PerH.P.perh. 


Character of steam used. 


Saving in Coal. 


Dallas 


32 
33 


3.22 
3.22 


3.80 
! 2.58 

3.84 
2.99 


Saturated. 
Superheated. 




Georgeanna — 


47.3 % 


Eutaw 


27 

28 


1.85 
1.85 


Saturated. 
Superheated. 




Eutaw 


28.4 % 



At the instance of Prof. Dixwell, the Government in 1877 sent Chief 
Engineers Loring, Baker and Farmer to Boston to test the effect of super- 
heated steam on the small Corliss engine of the Institute of Technology. 
The boiler pressure throughout the six tests was kept uniform. Three dif- 
ferent rates of expansion were taken, and with each, one test was run with 
saturated and one with superheated steam, the degree of superheat being 
adjusted to the rate of expansion. The total steam used was condensed and 
weighed, and the loss by cylinder condensation thus accurately determined. 



Table No. 45. 
Tests of Corliss Engine 8" x St," Mass. Inst, of Technology. 




Losi by tnolsture 

when usin{; 
Sit Ural* J Steam. 



42.6 % 
33.9 '/ 
2B,fl 9i; 



Both series of experiments show great losses by cylinder condensation ; 
they show also that these losses increase with the rate of expansion ; and 
they show greater losses with marine than with land boilers. This effect of 
cylinder condensation and wet steam can also be partially counteracted by 
steam or hot air jackets around the cylinders. 

In his admirable work on the Steam Engine, Mr. D. K. Clark gives a 
number of careflilly prepared tables on the Practice of Expansive Working 
in Steam Engines. By comparing in these the amount of steam shown by 
the indicator cards on the basis of dry saturated steam with the actual feed 
water used, we find the percentage of loss due to cylinder condensation and 
entrainment. This is figured in percentages of the calculated amounts, and 
therefore shows how much should be added to estimates based on indicator cards 
to find the actual evaporation necessary for a required amount of work in a 
given engine. The H. P. of the engine, the total initial pressure above 
vacuum in the cylinder, the total rate of expansion, and the superheat are 
given, as the figures can only be used under similar conditions. 

Table No. 40. 
Table Illustrating Cylinder Condensation and Entrainment. 

E. D. M. 



Kind of Engine. 



Porter-AUen, not jacketed. 
Cornish, steam jacketed- 



Reynolds Corliss, not jacketed,cond'g 

" " non-condensing 

Harris-Corliss, no jacket, condensing 
" " " non-condensing 
Wheelock, " condensing 
'* " non-condensing 
Corliss, steam jacket, condensing -.- 
Him, no jacket, condensing 



Cornish, steam jacket, condensing.. 
Woolf Comp'd Cond'g, steam jacket 

" " no jacket- -- 

" " Pump'g En, st'm jckt 

Woolf Comp'd Marine, steaifl in jckt. 

" " no jacket- — 

Same Eng, 2d cyl. only, steam jacket 

" " " no jacket 

Receiver Comp'd Marine, steam jckt. 
Marine Cond'g, i cylinder, no jacket 

Single Cylinder, Tno jacket 

American, I steam in jacket- -- 

Marine, I no jacket 

Condensing, | steam in jacket- -- 

Condensing, no jacket -— 

Condensing, I, steam in jacket . . . 



66. 

124.6 

149.5 

190.7 

217.0 

165.0 

138.7 

167.4 

135.8 

160.4 

141.8 

418.3 

142.4 

134.6 

111.6 

106.3 

101.8 

46 2 

27.8 

118.4 

96.3 

72.9 

78.0 

69.4 

217.6 

201.1 

204.7 

88.7 

96.5 

185.8 

171.8 

240.5 

283.1 



5* 



O 3 



76 
34 
27 
36 
40 
101 
105 
105 
104 
103 
103 
35 
60 
64 
56 
55 
33 
51 
48 
36 
90.6 
89.7 
78.2 
89.0 
66.2 
67.6 
45.1 
24.5 
25.2 
53.2 
53.5 
79.2 
82.3 



None. 



150°F. 
Non«. 
8.5 F, 
Nont, 



6.34 
3.62 
2.81 
3.66 
3.65 
6.83 
6.67 
7.39 
6.55 
6.64 
5.23 
4.69 
3.75 
3.75 
5.84 
5.84 
6.85 
11.59 
14.73 
11.35 
7.68 
7.15 
9.49 
8.25 
6.12 
3.17 
3.47 
1.76 
1.75 
383 
4.01 
6.41 
6.19 



= e 2 *• 



Pounds Water p. |Differ'ce. 
H. P. p. hour. Per Cent. 



24.69 
16.76 
18.69 
14.23 
16.70 
16.67 
21.49 
15.83 
21.02 
15.26 
20.80 
14.51 
16.42 
18.14 
14.20 
14.42 
22.06 
17.62 
21.44 
17.19 
16.16 
15.48 
18.08 
18.71 
18.44 
18.02 
20.79 
27.66 
29.27 
19.24 
18.27 
16.95 
16.88 






25.81 

20.72 

21.38 

18.82 

20.08 

20.37 

23.07 

19,15 

23.68 

19.22 

24.61 

17.4 

17.2 

22.41 

16.16 

19.93 

22.94 

22.32 

32.72 

22.62 

21.72 

23.34 

27.09 

30 32 

20.24 

26.53 

28.09 

42.27 

37.34 

25.93 

21.86 

23.80 

21.12 



« e « 

>.o c « 



4.5^ 
19.2% 
13.('% 
24.4% 
16.9% 
18.2% 

6.8% 
17.3% 
11.2% 
20.6% 
15.4% 
20.0% 

4.4% 
19.1% 
12.1% 
27.6% 

4.0% 
26.6% 
62.6% 
31.6% 
34.5% 
60.7% 
49.8% 
62.0% 

9.8% 
47.2% 
35.1% 
62.8% 
20.8% 
34.7% 
19.6% 
40.5% 
26.1% 
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We see then that a calculation of water consumption from indicator 
cards may be anywhere from 4 per cent, to 62 per cent, out of the way. 

We note further that superheating may counteract on the averj^e all 
but 7 per cent, of the loss by moisture ; careful lagging and good boilers 
may reduce it to 11.2 per cent, in the best of non-condensing engines ; steam 
jackets in condensing engines may limit it to an average of 22.5 per cent., 
while in unjacketed condensing engines we may expect an average of 36,8 
per cent. 

Here again the land boilers show their advantage over the marine tj^ies. 
The average loss in steam jacketed land engines is 19.46 per cent, against 
26.6 per cent, for the same type of marine engines ; without jackets the land 
practice shows 21 per cent, loss against 46.1 per cent, for marine. It is 
evident that this discrepancy is in the boilers, and not in the engines, since 
marine engines are even more carefully built than land engines. 

In specifying horizontal tubular or return tubular boilers for their work, 
careful engineers insist that the steam shall contain not more than 2 per cent 
(sometimes 3 per cent.) of entrained water. This is considered good work 
for that type of boiler, and ample heating surface, and large liberating 
area and steam space are necessary to attain it. 

Well designed water tube boilers give much better results. Sevnal 
well authenticated tests of Heine Safety Boilers record entrainments as loir 
as 1-8 of 1 per cent., and 1-2 of 1 per cent, when forcing 50 per cent, above 
rating, and from 1-12 of 1 per cent, entrainment to 1-7 of 1 f>er cent, super- 
heat at rating. Here then is a cnance for economy in the engine gained by 
the boiler in addition to its own economy in fuel. E. D. M. 

The Rating of Boilers. 

R. H. T. 

It is considered usually advisable to assume a set of practically attaina- 
ble conditions in average good practice, and to take the power so obtainable 
as the measure of the power of the boiler in commercial and engineering 
transactions. The unit generally assumed has been usually the weight of 
steam demanded per horse power per hour by a fairly good steam engine. 
This magnitude has been gradually decreasing from the earliest period of the 
history of the steam engine. In the time of Watt, one cubic foot of water 
per hour was thought fair ; at the middle of the present century, ten pounds 
of coal was a usual figure, and five pounds, commonly equivalent to about 
forty pounds of feed water evaporated, was allowed the best engines. After 
the introduction of the modern forms of engine, this last figure was reduced 
25 per cent., and the most recent improvements have still further lessened 
the consumption of fuel and of steam. By general consent the unit has now 
become thirty pounds of dry steam per horse power per hour, which repre- 
sents the performance of good non-condensing mill engines. Large engines, 
with condensers and compounded cylinders, will do still better. A committee 
of the American Society of Mechanical Engineers recommended thirty 
pounds as the unit of boiler power, and this is now generally accepted. They 
advised that the commercial horse power be taken as an evaporation of jo 
S)unds of water per hour from a feed water temperature of loo'' Fftktreniett 
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into steam at ja pounds gauge pressure, which may be considered to be equal 
to 34} units of evaporation, that is, to 34 i pounds of water evaporated froa 
a feed water temptrature of 212"^ Fahrenheit into steam at the same tempeia*' 
ture. This standard is equal to 33,305 British thermal units per hour. 

It was the opinion of this committee that a boiler rated at any stated 
power should be capable of developing that power with easy firing, moder- 
ate draught, and ordinary fuel, while exhibiting good ec-onomy, and at leai 
one-third mort^ than its rated power to meet emergencies. 




Kansas City Water Works, 
KANSAS CITY, iVlO. 
Contains 800 H. P. Heine Boilers. 



The Energy Stored in Steam Boilers. 

R. H. T. 

A steam boiler is not only an apparatus by means of which the potential 
energy of chemical affinity is rendered actual and available, but it is also a 
storage reservoir, or a magazine, in which a quantity of such energy is tem- 
porarily held; and this quantity, always enormous, is directly proportional to 
the weight of water and of steam which the boiler at the time contains. The 
energy of gunpowder is somewhat variable, but a cubic foot of heated water 
under a pressure of 60 or 70 lbs. per square inch has about the same energ\'' 
as one pound of gunpowder. At a low red heat water has about 40 times 
this amount of energy. Following are presented the weights of steam and of 
water contained in each of the more common forms of steam boilers, the 
total and relative amounts of energy confined in each under the usual condi- 
tions of working in every day practice, and their relative destructive power 
in case of explosion : 
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Boiler Room U. S. Navy Yard, 

NEW YORK, N. Y. 

Two 80 H. P. Heine Boilers. 



The stored available energy in water tube boilers is usually less than 
that of any of the other stationary boilers, and not very far from the amount 
stored, pound for pound, by the plain tubular boiler, the best of the older 
forms. It is evident that their admitted safety from destructive explosion does 
not come from this relation, however, but from the division of the contents 
into small portions, and especially from those details of construction which 
make it tolerably certain that any rupture shall be local. A violent explosion 
can only come of the general disruption of a boiler and the liberation at once 
of large masses of steam and water. 




The Mallinckrodt Building, St. Louis, Mo., 
Contains SOO H. P. Heine Boilers. 

Heating Buildings by Steam. 

In heating buildings by steam we have two things to consider. First, 
the amount of fresh air entering the building per hour which has to be heated 
from the external to the desired internal temperature, and second, the amount 
of heat to be supplied to take the place of what is lost by conduction through 
walls, windows, roofs, ceilings and doors and thence by radiation and convec- 
tion to the outer air. 

It is generally customary to assume the air to be warmed as entering 
the house at 0° F., and in the United States the rule is to require an interior 
temperature of TCf F. The weight of 1 cu. ft. of air at 0^ F. is 0.086 lbs ; its 
specific heat at constant pressure is 0.2377 (see Table No. 7). Therefore, 
to raise 1 cu. ft. of air at 0° F. one degree in temperature, we require 
0.086 X 0.2377 — 0.02 H. U. To bring it from 0^ to 70' will take 1.4 H. U. 
This of course is true only when the air is measured at the inlet opening ; 
for as it grows warmer it expands and a cu. ft. weifrhs *«•• 

The amount of heat required to replace that the ex- 

posed surfaces of the building can be figured ^ram, 

Table No. 48, which has been prepared by J H is 

"the graphical interpretation, in Ameria id 

coefficients prescribed by law by the C s;n 

of the heating plants of its public b in 

Germany for all buildings." Mr. Wo y 

examples of good American practice, ai e 

results. 




10''20"3flW50*BO*70"Bn*90W 130* U(f W* lOO* 

HealTBimsiniltedJnBrillahThcrTnal 
liiife,per8(piareFo6rof Surfiiccper Hour. 
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The formula for the loss is Q =Sx Kx (/— /o). 

AT is the loss by transmission in B. T. U. per hour per square foot of 
Mter surface, per degree F. difference in temperature on the two sides. 

5" the number of square feet of transmitting surface, /the interior, and 
A the exterior temperature in degrees Fahrenheit, of the air. 

The values of K are given in the following table • 

TABLE No. 49 

A. R. W. 

For each square foot of brick wall of thickness : 



ThlckiMSS of brick wall— 


4" 


8" 


12" 


16" 


20" 


24" 


28" 


32" 


86" 


40" 


A'= 


0.G8 


0.40 


0.32 


0.26 


0.23 


0.20 


0.174 


0.15 


0.129 


0.116 



1 square foot, wooden beam construction, \ ----as flooring, A'— 0.083 

planked over, or ceiled: J as ceiling, A'=- 0.104 

1 square foot, fireproof construction, "1 - as flooring, A'^ 0.124 

floored over: j as ceiling, ATa- 0.146 

1 square foot, single window - - AT™ 0.776 

1 square foot, single skylight '. A'= 1.118 

1 square foot, double window - - - A'=» 0.618 

1 square foot, double skylight - A'=- 0.621 

1 square foot, door-— - - A'— 0.414 



These coefficients are to be increased respectively, as follows : 

Ten per cent, where the exposure is a northerly one and winds are to 
be counted on as important factors. 

Ten per cent, when the building is heated during the daytime only, and 
"ttie location of the building is not an exposed one. 

Thirty per cent, when the building is heated during the daytime only, 
and the location of the building is exposed. 

Fifty per cent, when the building is heated during the winter months 
intermittently, with long intervals (say days or weeks) of non-heating. 

In using this table it is necessary to know the conditions as to tempera- 
ture of adjoining buildings having the same party-wall and of the different 
stories, cellar, attic, etc., of the building to be heated. Then with the plans 
of the building at hand the totnl square feet of each kind of surface can be 
measured and the estimate rapidly made from the diagram, Table No. 48, as 
follows : 

Find the difference in temperatures / — /o on the lower horizontal line ; 
run up the vertical line thus found until it intersects the diagonal line repre- 
senting the kind of surface ; follow the horizontal line to the left and read on 
the vertical scale the value of K (/ — /o). 

F. i., 70"" required in the r^x>m, temperature of adjoining hallway being 
IQT. Find difference 60'. The divJNion wall being 24" ; run up on the (jO* 
line to the diagonal for 24" wall, then follow the horizontal line to the left 
and you find 12 H. U. as the value of K (/ — A*). Supp^^se there b a d(t(fr in 
the wall ; the 60' line strikes it midway between 24 and 26 on the vertical 
scale, hence we have 25 H. U. for every square foot fii dv^r. 
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For the amount of air which should be admitted to each room, Morin 
gives 

TABLE No. 50. 

Cubic feet of air required for ventilation per head per hour. 

Hospitals, ordinary maladies — - -.2470 

Hospitals, wounded, etc 8530 

Hospitals, lo times of epidemic - - 5300 

Theatres 1686 

Assembly rooms, prolonged sittings 2180 

Prisons --- 1760 

Workshops, ordinary 2120 

Workshops, insalubrious conditions - 3630 

Barracks, day 1060, at night 1760 

Infant schools - 706 

Adult schools - 1410 

Stables - - 7060 

Having determined the total number of H. U. required for each room, 
the kind and quantity of the radiating surface is ne.xt to be determined. 

The character of the surfaces determines their efficiency. 

Mr. P. Kaeuffer, M. E., of Mayence, Germany, has made a number of 
careful experiments on radiating surfaces, the results of which, recalculated 
for American units, we give in 

Table No. 5i. 

Transmission of heat by radiating surfaces, per square foot per hour in B.T.U. 

Smooth vertical plane - 406 

Vertical plane with about 80% surface In ribs or corrugations. ...170 

Smooth vertical pipe surface - - 480 

Vertical tube with 07% of surface in corrugations 221 

Horizontal smooth tube or pipe - 869 

Horizontal tube with 67% of surface in corrugations-.. 1K6 

Note. — This table is correct for steam of 15 to 22 pounds pressure ; for rxhauM 
steam reduce in proportion to temperature, except for corrugated and ribbed %urince%, 
which lose very rapidly for low steam temperatures. For hot water, 50 per cent, of the 
tabular numbers are approximately correct. 

Approximately (for St. Louis conditions) 9 feet of 1" pipe witti i-xhaust 
steam, or 6 feet of 1" pipe with 50 pounds steam, will In-iit UHK) mb'u fret 
of air 70° per hour. 

French practice is about 1 square Uyot of radiatin^i surface for 2JM) ( uhic 
feet of space for exhaust steam. This is about Vi feet run of 1" pipe ffir 
1000 cubic feet of space. 

Mr. Wolff gives 2o^J H. U. per hour per square fr>ot surfat e for ordinary 
bronzed cast iron radiators, and 4(t() H. L'. for non-painte<l radiating surfa(«-i, 
counting steam pressure from .3 to 5 pounds pt-r square in* h. (Ab^/iit (iO% 
of these amounts for hot water heatin;.'.) When the Ma/ numbrr of i 
units required are known the uork of the boiler tan he direct**' *^** 
from them; bearing in mind that if the water < ofi.l«'fised |p 
returned to the boiler at 212 , we have in e;i' h pound <A e: 
heat units available, in .steam of 2 p^^unds, 5 yt\xT\&s, 
pressure, we have 967.5 H. L'., 9€9.7 H. U., or W 
per pound of steair ' Vt the system. 
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As we have seen by Table No. 51, the effectiveness of radiating sur* 
feces varies too much to make it the basis of the amount of boiler power 
required. Still, for rough approximations it is so used ; some experts esti- 
mate a square foot of boiler-heating surface for every 7 or 10 square feet of 
radiating surface ; some go as far as 1 to 15. Mr. Kaeuffer's estimates are 
for about 1 square foot of boiler H. S. for 6 square feet of the best and 18 
square feet of the poorest radiating surface. (See Table 51.) In rou^y 
estimating from the cubical contents of buildings, we must observe that 
small buildings, having proportionately more exposed wall and window sur* 
face per 1000 cubic feet of contents, require proportionately more boiler 
power. And as the amount of ventilation necessary depends on the nature 
of the use of the building, this also affects the amount of boiler powa 
required. 

TABLE No. 58. 

Approximate Number of Cubic Feet which 1 H. P. 
in Boiler will Heat. 

Hospitals, exposition buildings, etc., with much window 

surface 6000 to 8000 

Dwellings, stores, small shops, etc 8000 to 12000 

Foundries, large workshops, etc 8000 to 16000 

Theaters, schools, prisons, churches, etc 10000 to 18000 

Armories, gymnasiums, etc 15000 to 25000 

The remarks about increase in the value of K under Table No. 49 apply 
directly to increase in boiler power for similar conditions. 



Heating Liquids by Steam. 

Liquids may be heated by blowing the steam into them through a num- 
ber of small openings, or by passing the steam through a coil of pipe sub- 
merged in the liquid, or by passing the steam through an external casing. In 
the former case dilution results, and any impurities in the steam of course 
enter into and foul the liquid. The latter two methods are therefore more 
frequently adopted in practice. In heating water, it is found that the work 
done per unit of surface and temperature is greatly increased when boiling 
begins and evaporation takes place, even though the difference in temperature 
be less. In this connection the experiments of Thos. Craddock are interest- 
ing. A velocity of 3 feet per second of the water doubled the rate of trans- 
mission in still water ; he found that this circulation became more valuable 
as the difference in temperatures became less. 

The following table by Mr. Thos. Box illustrates this point. When 
evaporation had set in and caused drcu/a/ion, the effectiveness of the surfaces 
was trebled, although the difference of temperature was only one-third dt 
that in the still water, an apparent nine-fold increase. 
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TABLE NO. 5S. 



Table of Experiments on the Power of Steam Cased Vessels 
and Steam Pipes in Heating Water. 



Box. 



T— pirttuf of the 
walar bcattd. 


Temp, 
of the 
Steam. 


Difference of 
Temperature of 
Steam and Water. 


Units per sq. ft per hr. for 
I'' difference of temp. 






By Experiment. 


By Table. 






Mul- 
mum. 


Mean. 




Mtai- 

■HB. 


Units. 


Mean. 


Units. 


Mean. 




65 
60 
<» 

89 
46 

• 


Dee. 
110 
102H 

212 
212 


Dt«. 

212 
212 


Dee. 
212 
212 
212 

274 
274 

274 
250 


Der. Deg. 
147 to 202 
152 to 109)^ 
143 to 102>^ 

235 to 62 
228 to 62 

62 
38 


2301 
207 I 
210 J 

3351 
315/ 

9741 
1020/ 


216 

325 
997 


f 2161 
< 210 1 
I 221 J 

/ 3251 
1 333/ 

/ 10001 

liooo/ 


216 

329 
1000 


f Vertical tube. 
{ Vertical tube. 
I Vertical tube, 
f Steam cased 
< vessel. 
I Worm. 
/Worm. 
I Worm. 


• 









*NoTB— Tbeae two reaulta were eTaporation of water already at 213" P., the preceding •■• 
■howliig that oolj about one-third as much beat was transmitted in heatinf still water. 

A remarkable fact was noted in some experiments in this line by Mr. 
B. G. Nichol, in 1875, namely, that a horizontal position of the pipe was 
more effective than a vertical one. This is the reverse of what is found in 
heating air. (Compare Table No. 61, Kaeuffer.) 

Safety Valves. 

It was formerly the custom to proportion the Safety Valves according to 
Ihe heating surface. But as the performance per square ioot of H. S. varies 
widely in different boilers (from 2 to 15 lbs. hourly evaporation), the wi.Her 
plan of giving the safety valves a fixed ratio to the grate area has been 
adopted. 

The United States Treasury Department, through its Br>ard of Super- 
vising Inspectors of Steam Vessels has established the following rules: 

"Lever safety valves to be attached to marine boilers shall have an ar^a 
of not less than cn^ square inch to two square feet of grate .surfate In thf 
boiler, and the seats of all such safety valves shall have an angle i/f hit Una* 
tion of 46° to the center line of their axes. 

"The valves shall be so arranged that each Iv^iler shall have oiitr .s«*pa- 
rate safety valve, unless the arrangement is such as to \)Xk-i lude tlw* p^nsibility 
<rf shutting off the communication of any boil«-r with tin* safHy valvi*, or 
valves employed. This arrangement shall alv; apply t'l I'x k-up •>;if«'ty 
valves when they are employed. 

"Any spring-k;aded safety valves constru^H v/ ;r. to ;'iv«' an \\v r<'a*x'd 
lift by the operation of steam, after b*-in;; raivd from tlwir -.'•at'*, or any 
spring-loaded safety valve constru-.ted in any Mh«'r fn;jrifH-r, or v/ as to j;iv«r 
an effective area e^ual to that 'A the afor'-Tri«'ntioi»«"J -,{>rni/'ioarl<-d •.;if«'fy 
valve, may be u-^J in li*'U of th*: 'ornrnorj l'V"r-v,''i;'hti''J v;«ly«'-, ori ;ill 
boilers on steam ves>ei'-, a.'. J al! -.j'.h -.yxxujA'ir.tX'-A -.ti'-iy v;ilv«'% -JmH I^ 
required to have an ar*ra 'A u^A l*r.\ ti.-iu or»«r •. fi^ir*- in- h to thr***- -. < i;ir<! 
feet of grate ^urfa.e of lir YyAl'zr, anl 'rati ■.yntt/'\'f'il"i -.tU-iy v*!'/** .hall 
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)e supplied with a lever that will raise the valve from its seat a distance of 
lot less than that equal to one-eighth the diameter of the valve opening, and 
:he seats of all such safety valves shall have an angle of inclination to the 
renter line of their axis of 45^. But in no case shall any spring-loaded safety 
valve be used in lieu of the lever-weighted safety valve without h"»ving first 
been approved by the Board of Supervising Inspectors." 

This rule, so far as it applies to lever-weighted safety valves, is identical 
with the Board of Trade Rule of Great Britain. 

It has, however, the one defect that it takes no account of the pressure 
carried. And a safety valve of correct size for 60 lbs. pressure would be 
more than three times too large for 200 lbs. pressure, and may become a 
source of danger. 

The Philadelphia Boiler Law takes this into account and orders that 

the "least aggregate area of safety valve (being the least sectional area for 

the discharge of steam) to be placed upon all stationary boilers with natural 

or chimney draft, may be e.xpressed by the formula 

._ _22.5G 

P 4- 8.G2 

in which A is the area of combined safety valves in inches. G is area of 

grate in square feet. P is pressure of steam in pounds per square inch to be 

carried in the boiler above the atmosphere. The following table gives the 

results of the formula for one square foot of grate as applied to boilers used 

at different pressures. 

Table No. 6K 

Pressure per Square Inch. 



10 I 20 I 30 I 40 50 I 60 I 70 i 80 90 1 100 1 110 i 120 ■ 150 . 175 



1.21 0.79,0.58:0.46 



0.38 0.33: 0.29 '0.25 0.23,0.21.0 19.0.170.1420.123 



Valve area in square inches, corresponding to one square foot of grate. 

Horse-Power and Steam Consumption of Pumpint; Engines. 

Multiply the number of million gallons pumped per 24 hours by the total 
head (including suction head), e.xpressed either in feet or in pounds. This 
product multiplied by 0.176 if the head is stateJ in feet, or by 0.405 if the 
iiead is given in pounds, will be the horse-power of work done by the water 
end, or the horse-power of the water column. Thus f. i., a 15 million jrallon 
engine with 260 ft. total head does 15 -260x0.176 : : r)S(;.4 horse-power; 
and a 15 million gallon engine raisin;^ water aj^ainst a total pressure <jf 110 
lbs. does 15vllO> 0.405 -- - 608.3 horse-p(»\ver. It 1^ the univer.sal practice 
among engineers to e.xpress the economic etikieni.y of a pumping engine by 
what is called its "^w/r." /. e. the number of millions of foot pounds of 
work it will do for every hundred pounds of coal burned under the boilers. 

Generally specifications ba.se the duty to be ;iuaranteed on an assumed 
evaporation of 10:1 or state that for every 10<!>0 lbs. of steam (measured by 
the boiler feed-water) such duty is to be ^iven. 

Either method fails to define wlure the duty of the boiler ends and that 
of the engine begins, since neither states from what temperature of feed to 
what pressure of steam the boilers are to evaporate. 

By the establi>hed practice amon^; mechanical engineers, boiler per- 
formances are compared as to ecoU'^my on the basis of evaporation from and 
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at 212** F. In the absence of any si>ecific statement the assumed evaporatkn 
of 10 to 1 would, therefore, be thus construed, and as this is about the best 
performance that can be safely counted on per pound of best coal, it virtually 
becomes the basis of calculation. 

A pumping engine of 100 million duty will require 19.8 lbs. feed-water 
per hour per horse-power of work in water column, based on an evaporation 
of 10 lbs. water per pound of coal from and at 212° F. 

Bui as pumping engines are constructed for steam pressures varying 
from 75 lbs. for high pressure single cylinder engines to 176 pounds for 
triple expansion ; and as the feed-water may be, say 100° F. the temperature 
of the hot well, or 212° F. from a good exhaust heater, the amount of feed- 
water required by the engine per horse-power per hour will vary according 
to these conditions. 

The higher the steam pressure the greater the amount of energy avail- 
able in each pound of steam. The lower the feed temperature the larger the 
proportion of the boiler's work which had to be expended in merely heating 
the water up to the boiling-point. On this basis the following table has 
been figured : 

TABLE No. 55. 

Showing Lbs. Feed-Water per Horse-power required by 
Pumping Engines per Hour. 

E. D. M. 



Duty. 



From Feed at 21'i<' F. to Steam of: 



From Feed at lOO" F. to Ste«m of: 



75 lbs. :I00 lbs, 



EqulvalcM 
to Boilcf 
Work Id 
U.ofE.or 
Pounds 
125 Ibs.;i50 lbs.!lT5 lbs. 75 lbs. '100 lbs. 125 Ibs.|190 lbs. 175 lbs. from andat 

' i ' I I I I ( 2iaoF. 



110 Mill. 


100 Mill. 


90 Mill. 


80 Mill. 


70 Mill. 


60 Mill. 


50 Mill. 



17.37 
19.11 
21.23 



17.30 
19.03 
21.14 



23.90 23.80 



17.23,17.16 
18.9518.87 
21.06 20.97 
23.7023.60 



27.30!27.19 27.07 26.96 

31.85'31. 71131.58 31.45 

I I 

38.22,38.0637.90 37.74 



17.09 !l5.64il5.57 



18.80 



15.60 



I7.20il7.12 17.05 
20.88119.1119.02 18.94 
23.5o| 21.50 21.40 21.31 
26.86,24.57 24.46 24.36 
31.33''28.67'28.53 28.42 
37.60''34.40 34.24 34.10 



1544 
16.98 
18.87 
21.22 
24.26 
28.30 
33.96 



15.38 
16.92 
18.80 
21.15 
24.17 
28.20 
33.84 



18.00 
19.80 
22.00 
24.75 
28.29 
33.00 
39.60 



NOTE. The horse-power is the H. P. of the water column. The evaporation is 
assumed at 10 lbs. water from and at 212" F. per lb. of coal. 

Economy in boilers is always stated in ''pounds of water evaporated from 
and at 1\T F. per pound of fuel,'' designated as "-Units of Evaporation,''^ 
(See Vol. VI, Transactions Am. Soc. M. E.— 1881). 

Unless a contract specifically provides otherwise the '■' assumed evapora- 
tion" is to be so understood. 

The last vertical column of the table gives the equivalent work for the 
boiler in each case per horse-power of the water column ; in fact, all the 
figures in each horizontal line are exact equivalents of each other. Again, 
comparing the vertical columns with each other it is clear that an engine pro* 
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\^^d with a first-class feed-water heater will save 11.1% over the same 
fagrtne relying simply on its hot well. 

Given an assumed evaporation per pound of such coal as the guarantee 
5 t>ased on ; or the evaporation found by actual test of the boilers. Divide 
tvi^ figure in the last vertical column by such evaporation, and you have 
\X\e number of pounds of the coal per horse-power in each case. 

E. D. M. 

Condensers. 

H. R. w. 

When steam expands in the cylinder of a steam engine, its pressure 
gradually reduces, and ultimately becomes so small that it cannot profitably 
be used for driving the piston. At this stage a time has arrived when the 
attenuated vapor should be disposed of by some method, so as not to exert 
any back pressure or resistance to the return of the piston. If there were 
no atmospheric pressure, exhausting into the open air would effect the desired 
object. But, as there is in reality a pressure of about 14.7 pounds per 
square inch, due to the weight of the super-incumbent atmosphere, it follows 
that steam in a non-condensing engine cannot economically be expanded be- 
low this pressure, and must eventually be exhausted against the atmos- 
phere, which exerts a back pressure to that extent. 

It is evident that if this back pressure be removed, the engine will not 
only be aided, by the exhausting side of the piston being relieved of a resis- 
tance of 14.7 pounds per square inch, but moreover, as the exhaust or release- 
of the steam from the engine cylinder will be against no pressure, the steam 
can be expanded in the cylinder quite, or nearly, to absolute of pressure, 
and thus its full expansive power can be obtained. 

Contact, in a closed vessel, with a spray of cold water or with one side 
0^ a series of tubes, on the other side of which cold water is circulating, de- 
prives the steam of nearly all. its latent heat, and condenses it. In either 
case the act of condensation is almost instantaneous. A change of state oc- 
curs, and the vapor steam is reduced to liquid water. As this water of con- 
densation only occupies about one sixteen-hundredths of the space filled by 
the steam from which it was formed, it follows that the remainder of the 
space is void or vacant, and no pressure exists. Now, the expanded steam 
from the engine is conducted into this empty or vacuous space, and, as it 
meets with no resistance, the very limit of its usefulness is reached. 

The vessel in which this condensation of steam takes place is the con- 
densing chamber. The cold water that produces the condensation is the in- 
action water; and the heated water, on leaving the condenser is the dis- 
charge water. 

To make the action of the condensing apparatus continuous, the flow of 
^ injection water, and the removal of the discharge water including the 
water from the liquifaction of the steam, must likewise be continuous. 

The vacuum in the condenser is not quite perfect, because the cold in- 
jection water is heated by the steam, and emits a vapor of a tension due to 
^© temperature. When the temperature is no degrees Fahrenheit, the 
tension or pressure of the vapor will be represented by about 4" of mercury; 
^t is, when the mercury in the ordinary barometer stands at 30", a baron*- 
*teif with the space above the mercury communicating with the condenser^ 
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will stand at about 26". The imperfection of vacuum is not wholly tracea* 
ble to the vapor in the condenser, but also to the presence of air, a small 
quantity of which enters with the injection water and with the steam ; the 
larger part, however, comes through air leaks and faulty connections and 
badly packed stuffing boxes. The air would gradually accumulate until it 
destroyed the vacuum, if provision were not made to constantly withdraw it, 

ler with the heated water, by means of a pump. 
The amount of water required to thoroughly condense the steam from 
engine is dependent upon two conditions : the total heat and volume of 
steam, and the temperature of the injection water. The former repre- 

the work to be done, and the latter the value of the water by whose 
l^coding agency the work of condensation of the steam is to be accomplished. 
Oenerally stated, with 26" vacuum, the injection water at ordinary tempera- 
ture, not exceeding 70 degrees Fahrenheit, from 20 to 30 times the quantity 
of water evaporated in the boilers will be required for the complete liquifac- 
tion of the exhaust steam. The efficiency of injection water decreases very 
rapidly as its temperature increases, and at 80 degrees and 90 degrees 
Fahrenheit, very much larger quantities are to be employed. Undi-r the 
conditions of common temperature of water and a vacuum of 26" of mercury, 
the injection water necessary per H. P. developed by the engine, will be 
from IJ gallons per minute when tlie steam admission is ff;r one-fourtli of the 
Stroke, up to 2 gallons per minute when the steam is carried three-fourths ol 
the stroke of the engine. 



The power exerted by a steam engine during a single stroke of a piston, 
is due directly to the difference between the pressures on the rjpprisjte sides 
of the piston. Newton said, "all force is r/j a/rr^^'-^;/" — a push from be- 
hind. A vacuum does not in itself give power. It only effects a r(Tiiov;il of 
resistance from the retreating side of the piston, and consequ<.'iitly adtls just 
so much activeness to the other, or pushing side. The value of a va4 utirn of 
26* of mercury to an engine, may be generally approximated by considering 
it to be equivalent to a net gain of 12 lbs. average pressure p<-r squiire imJi 
of piston area. It is obvious that this amount of power gained N-ars neurly 
the same ratio to the power developed by the engine when non-< ondi-n ing, 
as 12 lbs. does to the mean effective, or average pressure of tin: ste;irn in the 
cylinder. So, if the mean effe.iive preN-.ure is known, :j lo-e i l»;j of tfi»: 
percentage of gain that will he J'.-r:v»-J by the u e of a v;j u-jim with ;i non- 
condensing engine, may be arriveJ at. 

By the use of \Vatt'< f-^irn-.uij, ::. -.vh:.*., 

A ^ Area of pi>t'.'n in -^- j:'.- ::. ;.- . 

V — Velocity ...f pi-r.r. in r--: r.-r ::.-. ;•-. 

M. E. P. — }^vJ^:l efr'v.-tivr.- ;:■: . ..''■ '/. !:■■ ?-rjr:. r. ; , ni. p-r . ^ Mfi.- 
inch on the pistor., 

A/V/M.EP. .. . 

Zy//>j H',: >. Po.-..r. 

And by suh>T::-:::.^ 12 ! : M. h. P., v.- :,: .- ■,* v;i . .rr. 'A M . . >/.- 
pressed in horsc --rA-r : '..-':. 

^33UU0- ^" "■"' '••— ^■^■■■■' - / - " • 



Table of Mean Effective Pressures. 



The following graphical table will afford a ready and comprehensie 
means of ascertaining the mean effective pressure of steam in an eogpe 
cylinder when the initial steam pressure and point of cut-off, or the nuniis 
of expansions of the steam, are known. 

It should be borne in mind that " absolute pressure" is calculated fna 
the absolute vacuum of the barometer, while ** gauge pressure " as iiM&ated 
by the ordinary pressure gauge, begins with atmospheric pressure as its zero; 
consequently "absolute pressure" is nearly 16 pounds greater than "^uge 
pressure." 



TABLE NO. 66. 




(From Special CaUlogue of The WorthiiiKton Condenser.) 

The left hand vertical column of figures gives the initial (absolul 
steam pressure, and the upper horizontal row, the number of expansic 
that correspond to the several points of cut-off ; directly under this is 
similar one of the mean effective pressures. 
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To determine the M. E. P. produced in an engine cydnder with an 
initial pressure of 90 pounds steiim (gauge pressure )^ cut-off at otie-quarter 
stroke, expanded and tmatly exhausted into a vacuum ; add 15 to 90, and find 
105 in the initial pressure column ; follow the horizontal line to the right 
untit it intersects the oblique line which corresponds to ^ cut-off. Then read 
the M. E. P. from the row of figures directly above, which in this case is 63- 
pounds. 

If, as in a non-condensing engine, the steam is exhausted against atmos- 
pheric pressure, this 63 pounds M. E. P. should be reduced by 15 pounds, 
giving 48 pounds as the net result,* 

By glancing down and reading on the lower scale the figures directly 
under the 48 pounds M. E, P. on the upper row, will be seen the percentage of 
power that a vacuum will add to an engine using 90 pounds "gauge pressure " 
steam, cut-off at one-quarter stroke. Thus, in this instance, the value of 
the vacuum is found to be between 25 and 30 per cent of the power of the 
engine when running non-condensing. 

H. R. W. 



•Note.— In condensing engines ft will be safer to deduct from 3 to 5 pounds for 

Imperfect vacuum, etc., and in non-condensing engines Ifi to IS pounds in place of 15 
for back pressure, etc. 

E. D. M. 




q 



500 H, P, Heine Boiler ready for transportAtion. 
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Table No. 5'7. Results of 



9 
10 

11 

12 

13 
14 
15 

16 

17 
18 
19 

20 

21 

22 
23 

24 

25 

26 
27 

28 



WHBRE MADE. 



Jas. Roy & Co., Troy, N. Y-- 

Orrs & Co., Troy, N. Y 

Central Park Apartment House 

New York 

Beadleston & Woerz Brewery 

New York 



MADE BY. 



G. H. Barrus-. 
P. H. Baerman. 



N. Y. Edison Co. Station 

Kansas City \V. W., Mo — 

League Island Navy Yard, Phila- 
delphia, Pa 

New Britain Knitting Co., New 
Britain, Conn 

Warren Mfg. Co., Warren, R. I. 

Washington Market, Washing- 
ton, D. C — 

Washington Market, Washing- 
ton, D. C-— — 

Peerless Brick Co., Philadel- 

f)hia, Pa 
ker Brewery, Cincinnati, O 
Warren Mfg. Co., Warren, R. I. 
Memphis Water Works, Mem- 
phis, Tenn 

C. C. Washburn's Flour Mills, 

Minneapolis, Minn 

Toledo Traction Co., Toledo, O. 
Toledo Traction Co., Toledo, O. 
C. C. Washburn's Flour Mills, 

Minneapolis, Minn 

U. S. Dredge, Beta, Memphis, 

Tenn 

Chicago Athletic Association , 

Chicago, 111 

Chicago Edison Co., Chicago, 111. 
Edison Illuminating Co., St. 

Louis, Mo 

Laclede Eletric Light Station, 

St. Louis, Mo -. 

N. K. Fairbanks Co., St. Louis, 

Mo -. 

Cupples Building, St. Louis, Mo 
Mallinckrodt Building, St. Louis, 

Mo 

Mallinckrodt Chemical Works, 

St. Louis, Mo 



J. J. DeKinder. 

J. J. DeKinder 
R. H. Thurston 
W. E. Worthen 

U.S. N. Officials 

E. R. Fish 

Thos. Evans... 

J. J. DeKinder - 

J. J. DeKinder. 

J. J. DeKinder. 
G.H, Hornung- 
E. R. Fish 

J. J. DeKinder- 

Prof . W. A. Pike 

E. D. Ivy 

J. H. Monahan 

H. E. Smith... 

Wm. Gerig 

T. H. Nelson-. 
T. H. Nelson-. 

W. H. Bryan. - 

F. G. Schlosser 

C. E. Jones-— 
C. E. Jones 

W. H. Bryan -- 

W. B. Potter- -- 



COAL USED. 



Anthracite 

Anthracite 

Anthracite 

Anthracite 

Anthracite 

Cumberland — 

Cumberland 

Cumberland 

Cumberland — 

f Argyle. \ 

\ Cambria Co. / 
f Arg>'le. \ 

\ Cambria Co. / 

Clearfield 

New River 

New River 

Youghiogheny - 

Youghiogheny . 
Youghiogheny . 
Youghiogheny . 

Youghiogheny . . 

Youghiogheny . 

Big Muddy 

Big Muddy 

Carterville 

Nut 

Vulcan 

Belleville 

Gillespie 

Collinsville 



Pa... 
Pa-- 



Pa... 
Pa.- 
Md.. 

Md- 

Md-. 
Md.- 

Pa... 

Pa--- 

Pa... 
Va... 
Va... 



Pa... 
Pa... 
Pa... 

Pa--. 

Pa... 

Ill- 
Ill-.. 

111.-. 

111... 

111- 
111... 

111--. 

111... 



180 
115 



Pa-- 250 



250 
375 
370 

240 

325 
325 

250 

250 

103 
169 
325 



Pa..-! 300 



666 
455 
455 

1040 

325 

150 
366 

375 

314 

300 
370 

150 

375 



This table comprises tests made with various grades of coal, varying greatly in 
their calorific values, and therefore the economic results vary between wide limits. For 
instance, the tests from 6 to 20 inclusive are made with bituminous and semibitumin- 
ons coals of the Eastern States, which are the best steam coals in the coontry, while 
tests 24 to 28 inclusive are made with the low grade coals of the Mississippi Valley. 
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Tests of Heine Boilers- 
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11 



e 3 
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11.0 
12.0 

6.7 

9.0 
10.0 
13.0 

6.0 

8.0 
10.0 

6.07 

9.5 

8.0 

10.0 

6.0 

15.0 

9.0 
10.0 
10.0 

10.0 

9.0 

8.0 
6.0 



6.0 
9.0 

6.0 

10.0 



72. 
66. 

85. 

79. 
136. 
104. 

150. 

101. 
132. 

78. 

77. 

103. 
123. 
131. 

111. 

135. 
149. 
148. 

121. 

135. 

103. 
114. 



10.0 i 122. 
10.0 151. 



82. 

87. 

70. 
91. 



0.23 
0.55 

0.73 

0.34 
0.75 
0.80 

0.50 

0.90 
0.90 

0.72 

0.37 

0.13 
0.65 
0.70 

0.80 

0.75 
0.61 
0.47 

0.70 

0.50 

1.00 
1.08 

0.75 

0.80 

0.80 
0.87 

0.60 

0.62 



97.1 
32.0 


9.14 
9.79 


205.0 


9.87 


42.0 


8.52 


38.5 


8.81 


131.0 


10.91 


36.0 


10.56 


191.0 
41.0 


10.40 
10.25 


74.1 


10.32 


76.6 


10.98 


77.0 
84.0 
40.0 


10.52 
10.74 
10.83 


151.8 


10.51 


111. 
37. 
36. 


10.42 
10.18 
10.30 


51. 


10.28 


77. 


10.16 


82. 
72. 


8.41 
8.58 


66.0 


8.33 


200. 


7.65 


75. 
210. 


7.66 
7.58 


185. 


7.36 


174. 


7.80 

1 



5.38 
5.94 



14.53 
17.72 



4.65 20.0 
i 

4.80 : 17.9 

4.27 I 21.1 

5.03 : 24.8 
I 

6.66 25.7 

4.43 ! 28.2 
4.75 30.7 

6.59 36.1 

4.70 24.2 



5.05 
6.53 
4.79 

4.71 

4.54 
4.62 
4.74 

3.84 

4.42 

8.97 
6.19 

5.40 

6.00 

6.77 
4.59 

4.86 

5.07 



18.7 
31.7 
27.9 

23.1 

29.6 
26.4 
26.8 

28.4 

21.5 

42.9 
37.0 

32.4 

36.0 

40.6 
34.9 

27.6 

36.2 



3.40 
3.16 

3.14 

3.65 
3.51 
2.48 

3.26 

3.30 
3.36 

3.34 

3.14 

3.34 
3.21 
3.28 

2.93 

3.31 
3.43 
3.46 

3.35 

3.45 

3.68 
3.61 

3.72 

4.(M 

4.05 
4.6 

4.21 

3.97 



I 






X 

m *■ 



183 1.9 
169 j 47.4 

280 ' 12.0 



288 
382 
455 

318 

350 
374 

401 

286 

125 
266 
378 

345 

715 
501 
504 

966 

348 

326 
553 

476 

445 

502 
415 

183 



15.2 

1.8 

23.0 

32.6 

7.9 
15.0 

60.4 

14.3 

21.0 
51.0 
16.5 

15.7 

7.2 
10.0 
10.1 

-4.0 

6.8 

17.0 
51.5 

26.8 

41.7 

67.4 
12.1 

22.1 



453 39.5 



5.77 
5.2 

6.65 

6.47 
7.25 
6.3 

5.18 

7.75 
7.26 

5.23 

7.34 

6.87 

5.3 

7.2 

6.48 

7.6 

7.55 

7.5 

8.9 

7.8 

3.45 
5.00 

5.73 

5.16 

4.60 
6.63 

6.38 

6.11 



.7 of 1%. 



.75 of IJf- 

.15% 

Super HeaC. 

Dry. 

.5 of 1% 

.17of 1% 
Dry. 

.lof 1^ 

.3 of 1% 



.75 of 1% 



Dry. 
.64of 1% 
'86 oi'l% 

.8 of 1^ 



.84 of 1^ 
.6ofl% 
.2 of 1J6 



Dry. 

.8 of 1% 



These latter results, however, are relatively just as good as the former, because, while 
the coals of the former tests are high in heat value, carry little ash and make almost no 
clinker, the coals of the latter tests are low in heat value, contain much ash and make 
much clinker. Furthermore, each class of coal varies in value somewhat, and hence 
the results of any one group rarely agree. 
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BOILER TESTING. 

A committee of the American Society of Mechanical Engineers revised the 
1885 Code and reported an amended code at the December, 1898, meeting of 
the Society, to be known as the Code of 1898. This committee recommended 
that, as far as possible, the capacity of a boiler be expressed in terms of the 
number of pounds of water evaporated per hour, from and at 212 degrees 
Fahrenheit, although they said it was not expedient to abandon the widely 
recognized measure of capacity expressed in terms of horse-power. They 
define a boiler horse-power to be 34i units of evaporation per hour, or 34J 
pounds of water evaporated per hour from a feed temperature of 212 decrees 
Fahrenheit into dry steam at the same pressure. This standard is equiva- 
lent to 88,317 B. T. U. per hour. It is also practically equivalent to an 
evaporation of 30 pounds of water from a feed water temperature of 100 
degrees Fahrenheit into steam at 70 pounds pressure. The committee also 
indorsed the statement of the committee of 1885 concerning the commercial 
rating of boilers, changing it slightly, to read as follows : 

** A boiler rated at any stated capacity should develop that capacity 
when using the best coal ordinarily sold in the market where the boiler is 
located, when fired by an ordinary fireman, without forcing the fires, while 
exhibiting good economy ; and, further, that the boiler should develop at 
least one-third more than the stated capacity when using the same fuel and 
operated by the same fireman, the full draft being employed and the fires 
being crowded ; the available draft at the damper, unless otherwise under- 
stood, being not less than J-inch water column." 

RULES FOR CONDUCTING BOILER TESTS. 
CODE OF 1898. (Abridged.) 

I. Determine at the outset the specific object of the proposed trial, whether 
it be to ascertain the capacity of the holler, its efticiency as a steam generator, 
its efficiency and its defects under usual working conditions, the economy of 
some particular kind of fuel, or the effect of changes of design, proportion, 
or operation ; and prepare for the trial accordingly. 

II. Examine the Iwiler, both outside and inside ; ascertain the dimensions 
of grates, heating surfaces, and all important parts ; and maki- a full record, 
describing the same, and illustrating special features by sketches. Tin- area 
of heating surface is to be computed from the outside diamrtrr of water- 
tubes and the inside diameter of lirr-tuKs. 

III. Notice the general condition oi the boiler an.l its rquipm«rit, and m ord 
such facts in relation thereto as hear upon tin- objects In vv'X. 

IV. Determine the character of the coal \t>W. \\-y<\. For t»-.t , of fhi' effi- 
ciency or capacity of the boilrr for comparison with otln-r hoil«T'., th*- 'o.il 
should, if possible, be of some kinJ wlil'.h i> • ommcp iaily r»-;.Mrdc(| j» a 
standard. 

For New En^ianJ ;inJ that portion of the ountry east of th<- All*'i'lii-ny 
Mountains, go'^d anthruite e;.';^ .'i:j|, ont;iinin;( not ov«t 10 p»-r '•■nt. of 
ash, and semi-Htjrr.inoj^ Cl-arfi-ll (^Pa.), Cjrrib*rland (Ml.), anl IV a 
hontas (Va.) coal-> are thus r'-;.';jr 1- 1. W«-,t of Ihir AII';'li*ny Mount.-nfi-i 
Pocahontas (Va.) ? Piv*-r (W. V.ij ■••mi-l/ifumjnoij ,, anJ Yo j/hj' 
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gheny or Pittsburg bituminous coals are recognized as standards.* There is 
no special grade of coal mined in the Western States which is widely recog- 
nized as of superior quality or considered as a standard coal for boiler test- 
ing. Big Muddy lump, an lllirK)is coal mined in Jackson County, 111., is 
suggested as being of sufificiently high grade to answer the requirements in 
districts where it is more conveniently obtainable than the other coals men- 
tioned above. 

V. Establish the correctness of all apparatus used in the test for weighing 
and measuring. These are : 

1. Scales for weighing coal, ashes, and water. 

2. Tanks, or water meters for measuring water. Water meters, as a 
rule, should only be used as a check on other measurements. For accurate 
work, the water should be weighed or measured in a tank. 

3. Thermometers and pyrometers for taking temperatures of air, steam, 
feed-water, waste gases, etc. 

4. Pressure gauges, draught gauges, etc. 

The kind and location of the various pieces of testing apparatus must be 
left to the judgment of the person conducting the test ; always keeping in 
mind the main object, /. <?., to obtain authentic data. 

VI. See that the boiler is thoroughly heated before the trial to its usual 
working temperature. If the boiler is new and of a form provided with a 
brick setting, it should be in regular use at least a week before the trial, 
so as to dry and heat the walls. If it has been laid off and become cold, 
it should be worked before the trial until the walls are well heated. 

VII. The boiler and connections should be proved to be free from leaks 
before beginning a test, and all water connections, including blow and extra 
feed pipes, should be disconnected, stopped with blank flanges, or bled 
through special openings beyond the valves, except the particular pipe 
through which water is to be fed to the boiler during the trial. During the 
test the blow-off and feed pipes should remain exposed. 

If an injector is used, it should receive steam directly through a felted 
pipe from the boiler being tested. 

See that the steam main is so arranged that water of condensation can 
not run back into the boiler. 

VIII. Starting and Stopping a Test. — A test should last at least ten hours 
of continuous running, but, if the rate of combustion exceeds 25 pounds of 
coal per square foot of grate per hour it may be stopped when a total of 250 
pounds of coal has been burned per square foot of grate surface. The con- 
ditions of the boiler and furnace in all respects should be, as nearly as pos- 
sible, the same at the end as at the beginning of the test. The steam 
pressure should be the same ; the water level the same ; the fire upon the 
grates should be the same in quantity and condition ; and the walls, flues, 
etc., should be of the same temperature. Two methods of obtaining the 
desired equality of conditions of the fire may be used, viz. : those which 
were called in the Code of 1885 " the standard method " and " the alternate 
method," the latter being employed where it is inconvenient to make use of 
the standard method. 

* These coals are selected because they are about the onl^ coals which contain the 
essentii^ of excellence of <iaality, adaptability to various kinds of famaces, grates, 
boilers, and methods of firing, and wide distribution and general accessibility in the 
markets. 
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IX. Standard Method, — Steam being raised to the working pressure 
remove rapidly all the fire from the grate, close Ihe damper, clean the ash 
pit, and as quickly as possible start a new fire with weighed wood and coal, 
noting the time and the water level while the water is in a quiescent state, 
just before lighting the fire. 

At the end of the test remove the whole fire, which has been burned low, 
clean the grates and ash pit and note the water level when the water is in a 
quiescent state, and record the time of hauling the fire. The water level 
should be as nearly as possible the same as at the beginning of the test. If 
it is not the same, a correction should be made by computation, and not by 
operating the pump after the test is completed. 

X. Alternate Method. — The boiler being thoroughly heated by a prelimi- 
nary run, the fires are to be burned low and well cleaned. Note the amount 
of coal left on the grate as nearly as it can be estimated ; note the pressure 
of steam and the water level, and note this time as the time of starting the 
test. Fresh coal which has been weighed should now be fired. The ash 
pits should be thoroughly cleaned at once after starting. Before the end of 
the test the fires should be burned low, just as before the start, and the 
fires cleaned in such a manner as to leave the bed of coal of the same depth, 
and in the same condition, on the grates as at the start. The water level 
and steam pressures should previously be brought as nearly as possible to 
the same point as at the start, and the time of ending of the test should be 
noted just before fresh coal is fired. If the water level is not the same as at 
the start, a correction should be made by computation, and not by operating 
the pump after the test is completed. 

XI. Uniformity of Conditions. — In all trials made to ascertain maximum 
economy or capacity, the conditions should be maintained uniformly con- 
stant. Arrangements should be made to dispose of the steam so that the 
rate of evaporation may be kept the same from beginning to end. 

Uniformity of conditions should prevail as to the pressure of steam, the 
height of water, the rate of evaporation, the thickness of fire, the times of 
firing and quantity of coal fired at one time, and as to the intervals between 
the times of cleaning the fires. 

XII. Keeping the Records. — Take note of every event connected with the 
progress of the trial, however unimportant it may appear. Record the time 
of every occurrence and the time of taking every weight and every obser- 
vation. 

The coal should be weighed and delivered to the fireman in equal propor- 
tions, each sufficient for not more than one hour's run, and a fresh portion 
should not he delivered until the previous one has all been fired. The time 
required to consume each portion should be noted, the time being recorded 
at the instant of firing the last of each portion. It is desirable that at the 
same time the amount of water fed into the boiler should be accurately 
noted and recorded, including the height of the water in the boiler, and the 
average pressure of steam and temperature of feed during the time. In 
addition to these records of the coal and the feed water, half hourly obser- 
vations should be made of the temperature of the feed water, of the flue 
gases, of the external air in the boiler-room, of the temperature of the fur" 
nace when a furnace n^'^meter is used, also of the pressure of steam, and 
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of the reading of the instruments for determining the moisture in the steam. 
A log should be i<ept on pro|:5erly prepared blanks containing columns for 
record of the various observations. 

XIII. Quality of Steam. — The percentage of moisture in the steam should 
be determined by the use of either a throttling or a separating steam calori- 
meter. The sampling nozzle should be placed in the vertical steam pipe 
rising from the boiler. It should be made of ^-inch pi | e, and should extend 
across the diameter of the steam pipe to within half an inch of the opposite 
side, being closed at the end and perforated with not less than twenty 
>^*inch holes equally distributed along and around its cylindrical surface, 
but none of these holes should be nearer than J-inch to the inner side of the 
steam pipe. The calorimeter and the pipe leading to it should be well cov- 
ered with felting. 

Superheating should be determined by means of a thermometer placed in 
a mercury well inserted in the steam pipe. The degree of superheating 
should be taken as the difference between the reading of the thermometer 
for super-heated steam and the readings of the same thermometer for satu- 
rated steam at the same pressure as determined by a special experiment, 
and not by reference to steam tables. 

XIV. Sampling' the Coal and Determining its Moisture. — As each barrow 
load or fresh portion of coal is taken from the coal pile, a representative shov- 
elful is selected from it and placed in a barrel or box in a cool place and kept 
until the end of the trial. The samples are then mixed and broken into 
pieces not exceeding one inch in diameter, and reduced by the process of 
repeated quartering and crushing until a fmal sample weighing about five 
pounds is obtained, and the size of the larger pieces are such that they will 
pass through a sieve with i-inch meshes. From this sample two one-quart, 
air-tight glass preserving jars or other air-tight vessels which will prevent 
the escape of moisture from the sample, are to be promptly filled, and these 
samples are to be kept for subsequent determinations of moisture and of 
heating value and for chemical analyses. During the process of quartering, 
when the sample has been reduced to about lOO pounds, a quarter to a half 
of it may be taken for an approximate determination of moisture. This may 
be made by placing it in a shallow iron pan, not over three inches deep, 
carefully weighing it and setting the pan in the hottest place that can be 
found on the brickwork of the boiler setting or tlues, keeping it there for at 
least 12 hours, and then weighing it. The determination of moisture thus 
made is believed t) be approximately accurate for anthracite and semi- 
bituminous coals, and also for Pittsburg or Youghiogheny coal ; but it can 
not be relied upon for coals mined west of Pittsburg, or for other coals con- 
taining inherent moisture. For these latter coals it is important that a more 
accurate method be adopted. 

XV. Treatment of Ashes and Refuse. — The ashes and refuse are to be 
weighed in a dry state. For elaborate trials a sample of the same should 
be procured anJ analyzed. 

XVI. Calorific Tests and Analysis of Coal. — The quality of the fuel should 
be determined either by heat tot or by analysis, or by Iv^th. 

The rational »»— *»^M of determining the total heat of combu? 
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burn the sample of coal in an atmosphere of oxygen gas, the coal to be 
sampled as directed in Article XIV. of this Code. 

The chemical analysis of the coal should be made only by an expert 
ch ?mist. 

XVII. Analysis of Flue Gases. — The analysis of the flue gases is an 
especially valuable method of determining the relative value of different 
methods of firing, or of different kinds of furnaces. In making these analy- 
ses great care should be taken to procure average samples — since the com- 
position is apt to vary at different points of the flue. The composition is 
also apt to vary from minute to minute, and for this reason the drawings of 
gas should last a considerable period of time. Where complete determina- 
tions are desired, the analysis should be intrusted to an expert chemist. For 
approximate determinations the Orsat or the Hempel apparatus may be 
used by the engineer. 

XVIII. Smoke Observations. — It is desirable to have a uniform system of 
determining and recording the quantity of smoke produced where bituminous 
coal is used. The system commonly employed is to express the degree of 
smokiness by means of percentages dependent upon the judgment of the 
observer. The Committee does not place much value upon a percentage 
method, because it depends so largely upon the personal element, but if this 
method is used, it is desirable that, so far as possible, a definition be given 
in explicit terms as to the basis and method employed in arriving at the 
percentage. 

XIX. Miscellaneous. — In tests for purposes of scientific research, in which 
the determination of all the variables entering into the test is desired, cer- 
tain observations should be made which are in general unnecessary for 
ordinary tests. These are the measurement of the air supply, the determi- 
nation of its contained moisture, the determination of the amount of heat 
lost by radiation, of the amount of infiltration of air through the setting, and 
(by condensation of all the steam made by the boiler) of the total heat 
imparted to the water. 

As these determinations are not likely to be undertaken except by engi- 
neers of high scientific attainments, it is not deemed advisable to give 
directions for making them. They are : 

XX. Calculations of Efficiency. — Two methods of defining and calculating 
the efficiency of a boiler are recommended. 

wre ■ r XL .- •. Heat absorbed per lb. combustible 

1. Efficiency of the boiier^i-; — -: -, ^^ — rr r — rrri- 

•^ Heating value of i lb. combustible 

r-«- . r X.- 1- -1 J ^ Heat absorbed per lb. coal 

2. Efficiency of the boiler and grate=,-,— -^ , *-? — n: : 

■' ^ Heating value of i lb. coal 

The first of these is sometimes called the efficiency based on combustible, 
and the second the efficiency based on coal. The first is recommended as a 
standard of comparison for all tests, and this is the one which is understood 
to be referred to when the word " efficiency " alone is used without qualifi- 
cation. The second, however, should be included in a report of a test, 
together with the first, whenever the object of the test is to determine the 
efficiency of the boiler and furnace together with the grate (or mechanical 
stoker), or to compare different furnaces, grates, fuels, or methods of firing. 
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The heat absorbed per pound of combustible (or per pound coal) is to i^ 
uiated by multiplying the equivalent evaporation from and at 212 
;rees per pound combustible (or coal) by 965.7. 

XXI. The Heat Balance, — An approximate "heat balance," or statement 

the distribution of the heating value of the coal among the several items 

heat utilized and heat lost may be included in the report of a test when 

nalyses of the fuel and of the chimney gases have been made. It should be 

eported in the following form: 

HBiLT Balancb, or Distribution op thb Hsating Vai,ub op thb Combustiblb. 
ToUl Heat value of 1 lb. of Combustible B. T. U. 



1. Heat absorbed by the boiler = evaporation from and at 212 

degrees per pound of combustible X 965.7. 

2. Loss due to moisture in coal = per cent, of moisture referred to 

combustible -h 100 X [(212-/) -f 966 + 0.48 (T— 212)] 
(/stemperatnre of air in the boiler-room, T= that of the 
flue gases). 

3. Loss due to moisture formed by the burning of hydrogen = per 

cent of hydrogen to combustible -5- 100 X 9 X [(212—/) i- 

966-1-0.48(7'— 212).] 
4.* Loss due to heat carried away in the dry chimney gases = weight 

of gas per pound of combustible X 0.24 X (T—t). 

CO 
S.t Loss due to incomplete combustion of carbon= 



per cent C in combustible 
100 



COi 



CO 



X 10,150. 



Loss due to unconsumed hydrogen and hydrocarbons, to heat- 
ing the moisture in the air, to radiation and unaccounted for. 
(Some of these losses may be separately itemized if data are 
obtained from which they may be calculated). 

Totals 



B.T.I". PerCeot. 



100.00 



* The weight of gas per pound of carbon burned may be calculated from the gas 
Analysis as follows: 

J K Jl COa + 8 O 4 -7 (CO-f N) . . . . _^^ ^^ ,^ 
Dry gas per pound carbon= — :-— r— . . , m which COt, CO, O, 

and N are the percentages by volume of the several gases. As the sampling and 
analyses of the gases in the present state of the art are liable to considerable errors, 
the result of this calculation is usually only an approximate one. The heat balance 
itself is also only approximate for this reason, as well as for the fact that it is not pos- 
sible to determine accurately the percentage of unburned hydrogen or hydrocarbons 
in the flue gases. 

The weight of dry gas per pound of combustible is found by multiplying the dry 
gas per pound of carbon by the percentage of carbon in the combustible and dividing 
by 100. 

t COt and CO are respectively the percentage by volume of carbonic acid and car- 
bonic oxide in the flue gases. The quantity 10,150 = No. heat units generated b] 
burning to carbonic acid one pound of carbon contained in carbonic oxide. 

XXll. Report of the Trial. — The data and results should be reported f 
the manner given in either one of the two following tables, omitting lin 
where the tests have not been made as elaborately as provided for in su 
tables. Additional lines may be added for data relating to the spec 
object of the test. 

The Short Form of Report, Table No. 2, is recommended for commer 
tests and as a convenient form of abridging the longer form for publics 
■when saving of spa*" 'able. 
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TABLB NO. 2. 

Data and Rssui.ts of Evaporativb Tbst, 

Arranged in accordance with the Short Form advised by the Boiler Test 
Committee of the American Society of Mechanical Engineers. 

Made by on „ boiler, at _ to 

determine 

Grate surface „ sq. ft. 

Water-heating surface „ — _ " 

Superheating surface _ " 

Kind of fuel „ „ _ _ _ 

Kind of furnace _ 

Total Quantities. 

1. Date of trial _ _ 

2. Duration of trial _.. _ „ _ hours. 

3. Weight of coal as fired „ lbs. 

4. Percentage of moisture in coal ~ per cent. 

6. Total weight of dry coal consumed. _ lbs. 

6. Total ash and refuse _ " 

7. Percentage of ash and refuse in dry coal .„ per cent. 

8. Total weight of water fed to the boiler _ lbs. 

9. Water actually evaporated, corrected for moisture or super-heat 

in steam „ ~ _ " 

Hourly Quantities. 

10. Dry coal consumed per hour _ lbs. 

11. Dry coal per hour per square foot of grate surface „ ~ " 

12. Water fed per hour 

13. Equivalent water evaporated per hour from and at 212 degrees 

corrected for quality of steam _ " 

14. Equivalent water evaporated per square foot of water-heating 

surface per hour— ~ -- *' 

Average Pressures, Temperatures, etc. 

15. Average boiler pressure lbs. per sq. in. 

16. Average temperature of feed water deg. 

17. Average temperature of escaping gases " 

18. Average force of draft between damper and boiler ins. of water. 

19. Percentage of moisture in steam, or number of degrees of super- 

heating 

Horse-Power. 

20. Horse-power developed (Item 13 -h 34)^) H. P. 

21. Builders' rated horse-power " 

22. Percentage of builders' rated horse-power percent. 

Economic Pesulls. 

23. Water apparently evaporated per pound of coal under actual con- 

ditions. (Item 8 -5- Item 3) lbs. 

24. Equivalent water actually evaporated from and at 212 degrees per 

pound of coal as fired. (Item 13 -j-(Item 5 -h 2)) „ *' 

25. Equivalent evaporation from and at 212 degrees per pound of dry 

coal. (Item 13 -h Item 10) " 

26. Equivalent evaporation from and at 212 degrees per pound of 

combustible. [Item 13 -»- [(Item 5 — Item 6) -*- Item 2] _ *• 

(If Items 23, 24 and 25 are not corrected for quality of steam, 
the fact should be stated.) 
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Efficiency. 

17. Heating value of the coal per ponnd B. T. U. 

98. Bfficiency of boiler (based on combnitible) 

18. Bfficiency of boiler, inclndinfr grate (based on coal) 

Cost of Evaporation, 

80. Coat of coal per ton delivered in boiler-room $ 

81. Coat of coal required for evaporation of 1,000 pounds of water 

from and at 212 degrees 8 

The observations taken during the test should be recorded on a series of 
blanks prepared in advance, so as to be adapted for the purpose of the trial. 
The number of sheets and the number of items on each may be varied to 
suit the number of observers and the work designated for each. It will be 
found convenient and desirable to have the blanks for the coal and water 
observations independent of those for general observations and in general 
independent of each other. In all cases the first column of the coal record 
and of the water record should be devoted to the time ; stating, for instance, 
when a particular barrow of coal is dumped or a particular tank of water let 
down. Error is best avoided by having separate columns for gross weights, 
tare and net weights, even though the tare be constant. The feed-water 
record should contain a column for temperature in case the same is taken in 
the tank, and also a column for height of water in glass gauge on boiler, 
which is to be noted when tank is emptied if the feed pump or injector is 
directly connected thereto. 

It is agreed that the coal should be weighed and the water measured or 
weighed at practically regular intervals, and that in every case the time be 
put down when a bucket of coal is dumped or a tank of water let down, 
when, by simple reference to the clock, all disputes as to neglected tallies 
will be eliminated. 

To the report are appended a number of suggestions as to the modus 
operandi of making certain ones of the various determinations, but while of 
great value, these cannot be printed in this volume, because of lack of 
space. 




A Completed Water Leg for 
a :jr)0 H. P. Heine Boiler. 
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CONDENSATION OF STEAM IN PIPES. 



When steam pipes are exposed to the open air, the steam condenses 
more or less rapidly, according to the condition of the surfaces and the 
temperature and rate of motion of the air. This loss is quite serious in 
itself and further increases the losses by cylinder condensation, as indicated 
on page 63. 

Experiments made by different parties in still air gave the following 
results: 

Table no. 60. 

Condensation in Uncovered Pipes. 



OBSERVER. 


Difference of 

Tenperature of Steam 

and Air. 


Steam Condensed H. U. Lost per 
per Square Foot per Square Foot per Hour. 
Hour, per I" F. per 1<» F. 


Tregold 


161° F. 
196.6° F. 
151° F. 
168° F. 


0.0022 lb. 
0.0030 lb. 
0.00217 lb. 
0.0<120 lb. 


2.100 


Burnat 

Clement 

Grouvelle 


2.864 
2.071 
1.909 


Average for steam of 20 
lbs. absolute pressure 


169° F. 


0.0023.3 lb. 


2.236 



We further give an abstract of the results of a careful series of tests 
made by Mr. George M. Brill, M. E., in 1895, with the best modern cover- 
ings, and with the most accurate instruments. The steam pressure carried 
ran between 110 and 119 lbs. per square inch, and the temperature of the 
air varied from 50° to 81° F. in the various tests. 

For the purposes of these tests about 60 feet of standard 8 -inch wrought 
pipe, coupled together, in order to make it sm(K)th and regular, was sus- 
pended where it could not be subjected to currents of air. In order to get 
the steam as dry as possible it was sent through a separator on its way to 
the test pipe, and in the short connection between the separator and the 
pipe was placed a throttling calorimeter. The test pipe had an inclination 
of one foot in its entire length, which insured drainage of all the water of 
condensation to the lower end, at which point the receiver was connected, 
and into which the water gravitatevl as rapiJly as formed. The water was 
measured in this receiver, which consisted of four feet <»f 12-iiich pipe, with 
graduated water glasses attached near the top and bottom. The same vol- 
ume of water was allowed to colk-ct each time, was measured under the 
steam pressure, and blown from the recv-iver at the end of the run. A cari- 
ful determination was made of the amount ot water collrcted hy wei-jhing 
the same volume while cold, and Cf)rrectirig l«ir dlften-nie in weight ilue to 
the difference in temperature f' ^h* tive runs. 



The tests were made upon a scale large enous^i — in fact, iqx>n a pipe 
of the size and length which is very common in the average power plant— 
with sufficient care, and in a manner to insure accuracy in the results ob- 
tained, and are consequently of much interest and value to all users of 
steam. 

The results reduced to the proper units are given in Table No. 61 
below, and may be taken as fairly representative of the best modem prac- 
tice. Of course, whenever steam pipes are placed where they are exposed 
to currents of air, the amount of condensation will be much greater than the 
tabular numbers. 

This table also gives the saving in pounds of steam, and in dollars and 
cents due to the use of coverings. This saving is based on the assumption 
that coal costs $2.44 per ton, and adding 12 per cent for cost of firing, and 
taking 7 lbs. water per lb. of coal as an evaporative figure, which are rough 
approximations to average American conditions. 



Table no. 6t. 



Showing Radiation Due to Bare and Covered Pipes, and Sav- 
ing Due to Coverings. 



KINDS OF COVERING. 



Bare Pi pe „ 

Magnesia 

Rock Wool 

Mineral Wool 

Fire Felt „ 

Manville Sectional 

Manville Sectional and 

Hair Felt 

Manville Wool Cement.. 
Champion Mineral Wool, 

Hair Felt 

Riley Cement 

Fossil Meal 



•n t/ tt i_ 

£ ^ Cf £ 

c ^ ^H 

S V *< c 

i £.6.— 



2.7059 
.3838 
.2556 
.2846 
.5023 
.3496 

.2119 
.3448 
.3166 
.4220 
.9531 
.8787 



■^ P * w 



.003107 
.000432 
.000285 
.000311 
.000591 
.000409 

.000243 
.000410 
.000364 
.000472 
.001089 
.001010 






635,801 
670,666 
662,957 
603,389 
645,174 

682,930 
646,488 
654,197 
625,376 
479,960 
500,284 






$110.82 
116.90 
115.. ")5 
105.17 
112.45 

119.03 
112.68 
114.03 
109.00 
83.66 
87.20 



TIk' prtstMKc' of sulphur in the best coverings and its recognized injur- 

is efficts, makes it imperative that moisture must be kept from the cov- 

njis, for if pri'sint, will surely combine with the sulphur, thus making it 

*ivf. Tills could be stated in other words, keep the pipes and covering in 

^ooti rtpair. Much of the inefficiency of coverings is due to the lack of 

"*^*'Mtii)n given them; they are often seen hanging loosely from the pipe 

^'»i< I, tij^.y jjr^. supposed to protect. 
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All coverings stiouJd be looked after at least once a ye? 
essary repairs, refitted to the pipe, the spaces due to si 
for little can be expected from the best non-conductors if they are allowed 
to become saturated with water, or if air currents are permitted to circulate 
etween thf m and tht* pipe. 

As a very rough approximation we rnay say that each 10 square feet of 
uncovered pipe will condt-nse, in winttr, 105 lbs. of steam during a day of 
ten hours. Under the same conditions, the same pipe protected with the 
best covering will condense approximately 8i lbs. steam. 

In summer these figures will be reduced respectively to 80 lbs. and 
GA lbs. of steam. 

Moisture in steam at the end of a long pipe line is often erroneously 
attributed to priming of tht^ boiler; whereas, it is really due to condensation. 
The amount of stt^am condensed is really but a very small proportion of the 
Ota I steam passing through the pipe, but gradually collecting at some point 
in the line, it is carried along in a body at intervals > producing the effects 
of entrained water. 




^ 








Denver Consolidated Electric Light Co., 

DENVER, COLO. 

Contains SoOO H. P. of Heine Boilers. 
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THE BOILER. 



An associatioa or rrubci! bGcjer saoLffAjturers, meeting in convention 
for the avo«-eJ purpose oc NrCKrir^z trae cxKStrujtioa of that all important 
and orten madti abused port oc a srean pLuit. caaaoc tv excelled as a source 
otf trusr»-v3rthv inforrnatDoa cxacemir^ the coostntctioa cd the boiler. 

At the Tenth Annvsjl Coa-.Trcnxi oc the Aroefvaa BoUer Manufacturers' 
AssociitkKi, heid at St. Louis. Ji:^.. CXtC'^kt 3-6, 1S98, were unanimousfy 
adopted a complete set or S:<^er speci^jiaraocrs. IcKm-n as the Uniform American 
Boiler Spevn&citsoos. Tbe<e cocraht. in aJ£cM)o to the requirements as to 
materials, loethods arvi cikrJiibrcs, rrjirnr reasons, arguments and explana- 
tioos. The chairntm cctbecoc:=irreewjsiastri»cled to prepare an abridged 
form contiirinig: ociy tbe csxaJitxy cii;25e>- This, after submission to the 
other CK-nibers ot the c--:-r:~rrree- arsd arrro\-ed b\- them, b here published. 

These specincatioas rerer oc cxirse to all t\-pes of bcMler, and a careful 
examinatioa wili 5i»«r trjit trie Heise Bxl-er is SxiOi in accin^dance with the 
raJes here I^ki dow-n. 

LMFOR-M A>\ERIC\N BOILER SPECIFICATIONS 

ArOFrFr" BY THE 

AMERICAN BOILER HAM FACTLRERS* ASSOCIATION. 
(See Prv.veec:r^> 1S$I». rc- 49. -5a 6o-Sl. S4-S??.) 
(See PrA:eevi:r.^> 1^7. rr. 4±-~>4- ^1-77. 207-2OS.) 
(See Proccei-r.^s l>?i«5. re. 4^100.) 



I. MATERIALS. 



1. Cast Iron— S^.m"- be :c s-r:. iiray texrare and high degree of 
duvtiltty. Tv> ^e used or.'y ::-r h.Lr:vi-:i.:.:e Sjtes, crabs, yokes, etc., and 
ir..inhe.ids. It :s .i siir.i;e::u> metJLl t. S? _r5ei in mad drums, legs, necks, 
he.iders. n:,inh.\e r:n^> v-r Ar.y rart :? i. "roi^er subject to tensile strains ; its 
use :s prv^h:b::evf 'o^r such rar:^, 

2. StHEL — H:-r.:,^^er.->us steel ~.ajr by the open hearth or crucible 
processes, .irtJ havinii the :.\low-.r.i: cuil:rJe>. is to be used in all boilers: 

Ji-iKSuV S:^f^:.k. E-.'v^j:xyK. Cismx\i^ TVsrs — Shell plates no/ exposed 
to the Jirevt he.it »>: the lire or £asc> x coaibus5>>n, as in the external shells 
of iniern.ir.y nrei bo:<ers, n:ay have rtc-r:: 65.000 to 70.000 pounds tensile 
strenjith : elongation not lessi th-«n 24 per cent in S inches; phosphorus not 
owr .0S5 per cent ; sulphur nvH o\>er .OSo per cent. 

Shell plates in any \\~ay expvxsaed to the «firect heat of tbe fire or the 
t5e.< iv awnbustion, as in ti^ extenuil shells or heads of externally fired 



oilers, or plates on which any flanging is to be done, to have from 60,000 
) 65,000 pounds tensile strength ; elongation not less than 27 per cent in 8 
iches ; phosphorus not over .03 per cent ; sulphur not over .025 per cent. 

Fire box plates or such as are exposed to the direct heat of the fire, or 
snged on the greater portion of their periphery, to have 55,000 to 62,000 
junds tensile strength ; elongation 30 per cent in 8 inches ; phosphorus 
)t over .03 per cent ; sulphur not over .025 per cent. 

For all plates the elastic limit to be at least one-half the ultimate 
rength ; percentage of manganese and carbon left to the judgment of the 
eel maker. 

Test Section to be 8 inches long, planed or milled edges; its cross 
ctional area not less than one-half of one square inch, nor width less than 
e thickness of the plate. 

Bending Test — Steel up to }4 inch thickness must stand bending double, 
d being hammered down on itself ; above that thickness it must bend 
jnd a mandrel of diameter of one and one-half times the thickness of 
ite down to 180 degrees. All without showing signs of distress. 

Bending Test Piece to be in length not less than sixteen times thick- 
ss of plate, and rough, shear edges milled or filed off. Such pieces to be 
t both lengthwise and crosswise of the plate. 

All tests to be made at the steel mill. Three pulling tests and three 
nding tests to be made from each heat. If one fails the manufacturer may 
rnish and test a fourth piece, but if two fail the entire heat to be rejected. 

Certified Copies of tests to be furnished each member of A. B. M. A. 
)m heats from which his plates are made. 

3. Rivets to be of good charcoal iron, or of a soft, mild steel, having 
e same physical and chemical properties as the fire box plates, and must 
st hot and cold by driving down on an anvil with the head in a die ; by 
eking and bending, by bending back on themselves cold, without develop- 
g cracks or flaws. 

4. Boiler Tubes, of charcoal iron or mild steel specially made for 
le purpose, and lap welded or drawn ; they should be round, straight, free 
om scales, blisters and mechanical defects, each tested to 500 pounds 
iternal hydrostatic pressure. 

This fact and manufacturer's name to be plainly stencilled on each 
jbe. 

Standard Thicknesses by Birmingham wire gauge to be 

No. 13 for tubes 1 in., 1}{ in., ly^ in. and If^ in. diameter. 
No. 12 for tubes 2 in., 2}^ in. and 2>2 in. diameter. 
No. 11 for tubes 2-'4 in., 3 in., Z}( in. and '6}4 in. diameter. 
No. 10 for tubes '6^4 ^^- ^nd 4 in. diameter. 
No. 9 for tubes 4}.^ in. and 5 in. diameter. 
Tests. A section cut from one tube taken at random from a lot of 150 
»r less must stand hammering down cold vertically without cracking or 
•putting when down solid. 
Length of test pieces : 

^i inch for tubes from 1 in. to 1^ in. diameter. 
1 inch for tubes from 2 in. to 2'.' in. diameter. 
1}^ inch for tubes from 2H '"• to 3^ in. diameter. 
1;^ inch for tubes from 3'^ in. to 4 in. diameter. 
1^ inch for tubes from 4yj in. to 5 in. d\ame\e\. 
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All tubes must stand expanding flange over on tube plate and bending 
"without flaw, crack or opening of the weld. 

6. Stay Bolts to be made of iron or mild steel specially manufactured 
for the purpose, and must show on: 

Test Section 8 inches long, net : 

For Iron, tensile strength not less than 46,000 lbs.; elastic limit not less 
than 26,000 lbs.; elongation not less than 22 per cent for bolts of less than 
one (1) square inch area, nor less than 20 per cent for bolts one (1) square 
inch and more in net area. 

For Steel, tensile strength not less than 55,000 lbs.; elastic limit not 
less than 33,000 lbs.; elongation not less than 25 per cent for bohs of less 
than one (i) square inch area, nor less than 22 per cent for bolts one ( 1) 
square inch and more in net area. 

Tests. A bar taken from a lot of 1,000 lbs. or less at random, threaded 
with a sharp die "V" thread with rounded edges, must bend cold 180 deg. 
around a bar of same diameter without showing any crack or flaws. 

Another piece, similarly chosen and threaded, to be screwed into well- 
fitting nuts formed of pieces of the plates to be stayed, and riveted over so 
as to form an exact counterpart of the bolt in the finished structure ; to be 
pulled in testing machine and breaking stress noted ; if it fails by pulling 
apart the tensile stress per square inch of net section is its measure of 
strength ; if it fails by shearing the shear stress per square inch of mean 
section in shear is this measure. The mean section in shear is the product 
of half the thickness of the plate by the circumference at half height of 
thread. 

6. Braces and Stays. Material to be fully equal to stay bolt stock, 
and tensile strength to be determined by testing a bar not less than ten 
inches (10 in.) long from each lot of 1,000 lbs. or less. 

II. WORKMANSHIP AND DIMENSIONS. 

7. Flanging, Bending and Forming to be done at a heat suited to the 
material, but no bending must be done or blow struck on any plate which no 
longer shows red by daylight at the working point and at least 4 inches 
beyond it. 

8. Rolling must be done cold by gradual and regular increments from 
the straight plate to the exact circle required and the whole circumference 
including the lap rolled to a true circle. 

9. Bumped Head uniformly dished to a segment of a sphere should 
have a thickness equal to that of a cylindrical shell of solid plate of same 
material, whose diameter is equal to the radius of curvature of the dished head. 

Rivet holes, man holes, etc., to be allowed for by proportionate increase 
in the thickness. 

10. Riveting. Holes made perfectly true and fair by clean cutting 
punches or drills. Sharp edges and burrs removed by slight counter sink- 
ing and burr reaming before and after sheets are joined together. 

Under side of original rivet head must be flat, square and smooth. For 
rivets *. g inch to "is inches diameter allow l*/2 diameters for length of stock to 
form the head, and less for larger rivets. Allow 5 per cent more stock 
for driven head for button set or snap rivets. Use V\o,UX x^'goX^Xxci^VxNxiXvcvs^ 
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hammers until rivet is well upset in the hole ; after that snap and heavy 
mauls. For machine riveting more stocl< to be left for driven head to ir*'" 
it equal to original head, as fixed by experir^f^n* 

Total pressure on the die ... w. - ^/a- >nch rivets; 

65 tons for 1 inch ; 57 tons for { , u« ions tor ?4 iJ^ch rivets. 

Mal<e heads of rivets equal in strength to shanks by making head at 
periphery of shank of a height equal to }4 diameter of shank and giving a 
slight fillet at this point. 

Approximately make rivet holes double thickness of thinnest plate; 
pitch three times rivet hole; pitch lines of staggered rows » 2 pitch apart; 
lap for single riveting equal to pitch, for double riveting 1 'i pitch, and ;i 
pitch more for each additional row of rivets ; exact dimensions determined by 
making resistance to shear of aggregate rivet section at least 10 per cent 
greater than tensile strength of net or standing metal. 

11. Rivet Holes punched with good sharp punches and well fitting 
dies in A. B. M. A. steel up to ^i inch thickness ; in thicker plates punch 
and ream with a fluted reamer, or drill the holes. 

12. Drift Pin to be used only with light hammers to pull plates into 
place and round up the hole, but never to enlarge or gouge holes with heavy 
hammers. 

13. Calking to be done by hand or pneumatic hammer and Conery 
or round nosed tool. Avoid excessive calking; the fit must be made in the 
laying of the plates. The square nosed tool may be used for finishing with 
great care to avoid nicking lower plate. Calking edges must be prepared 
by bevel planing, shearing or chipping. 

14. Flat Surfaces. State the thickness of the plate "t" in si.x- 
teenths of an inch, the pitch " p " in inches, and use a constant : 

C=112 for plates ^^ inch and under with screw stays with riveted 
ends. 

C=120 for plates over ^^ inch with screw stays with riveted ends. 

C=140 for all plates when in addition to screw threads in the plates £ 
nut is used inside and outside of each plate. 

When salt, acids or alkali are contained in the feed water, this lattei 
construction is imperative. 

Rule. — Multiply this constant "C" by the square of the thickness o 
the plate expressed in sixteenths of an inch, and divide by the square of th« 
pitch expressed in inches ; the quotient is the safe working pressure "P.' 

Formula : P=- 5 

15. Tube Holes either punched y^ inch less than required diamete: 
and reamed to full size, or drilled ; then slightly countersunk on both sides 
should be ^f inch to ^ inch larger than diameter of tube according to size o 
tube ; if copper ferrules are used the hole to be a neat fit for the ferrule 
Tube sheet to be annealed after punching and before reaming. 

16. Tube Setting. Ends of tubes to be annealed (in the Tube Mill] 
before setting. The tube to extend through the sheet jV inch for every inci: 
of diameter. Expand until tight in hole and no more. On end exposec 
to direct flame, flange the tube partly over on sheet, finishing by beading 
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tool which must not come in contact with the plate ; expand slightly after 
^■^ftading. 

•' *' ■"* +0,14 wire gauge should be used in fire tube 
boilers on enua -^ , 

17. Riveted and Lap \i£i.uu.^ lues, as prescribed in Rule II, 
Sections 8, 9, 10, 11, 12 and 13 of Regulations of Board of Supervising 
Inspectors of Steam Vessels, approved February, 1895. 

18. Corrugated Furnace Flues as prescribed in Sections 14 and 
15 of the same Rule. 

19. Stay Bolts to be carefully threaded with sharp clean dies "V" 
thread with rounded edges; threading machine equipped with a lead screw; 
holes tapped with tap extending through both sheets to neat smooth fit, so 
that bolts can be put in by hand lever or wrench with a steady pull; V* d'" 
ameter to project for riveting over; with hollow stay bolts use slender drift 
pin in the bore while riveting and drive it home to expand the bolt after 
riveting. 

Height of nuts used on screw stays to be at least 60 per cent of diam- 
eter of stay. Largest permissible pitch for screw stays is 10 inches. 

20. Braces and Stays shall be subjected to careful inspection and 
tests as per Sections 6 and 2. Welding to be avoided where possible, but 
good clean welds to be allowed a value of 80 per cent of the solid bar. Rivets 
by which braces are attached, when the pull on them is other than at right 
angles, to be allowed only half the stress permitted for rivets in the seams. 

21. Manholes should be flanged in, out of the solid plate, on a radius 
not less than three times the metal thickness to a straight flange; when the 
plate is yi inch or less in thickness a reinforce ring to be shrunk around it. 
Cast iron reinforce flanges never to be used. 

22. Domes to be avoided when possible ; cylindrical portion to be 
flanged down to the shell of the boiler, and this shell flanged up inside the 
dome, or reinforced by a collar flanged at the joint, the flanges double 
riveted. 

23. Drums should be put on with collar flanges of A. B. M. A. steel, 
not less than f6 inch thick double riveted to shell and drum and single riv- 
eted to the neck or leg, or the flanges may be formed on these legs. 

24. Saddles or Nozzles to be of flanged steel plate or of soft cast 
steel, never of cast iron. 

III. FACTORS OF SAFETY. 

25. Rivet Seams when proportioned as prescribed in Section 10 with 
materials tested as per Sections 2 and 3 shall have 4>4 as factor of safety ; 
when not so tested, but inspection of materials indicates good quality, a fac- 
tor of safety of 6 is to be taken, and at most 55,000 lbs. tensile strength as- 
sumed for the steel plate and 40,000 lbs. shear strength for the rivets, all 
figured on the actual net standing metal. 

26. Flat Surfaces proportioned as per Section 14 have in the constants 
there given a factor of safety of 5 or a little over. 

27. Bumped Heads proportioned as per Section 9 to be subject to a 
factor of safety of 6. 
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28 Stay Bolts proparttoned and tested as per Sections 19 and 5 to 
have a factor of safety of 5 applied to the lowest stress found. 

29. Braces and Stays. When tested as per Sections 6 and 2 to he 
allowed a factor of safety of 5 ; when not so tested but careful inspection 
shows good stock they may be used up to 6,5(XI lbs. actual direct pull fm 
wrought iront and 8,000 lbs. for mild steel, all per square inch of actual net 
metal. 

IV- HYDROSTATIC PRESSURE, 

;J0. The hydrostatic test, to be made on completed boilers built strictly 
to these specifications, is never to exceed working pressure by more than 
one-third of itself and this excess limited to 100 lbs. per square inch. The 
water used for testing to have a temperature of at least 125 deg, F. 

V. HANGING OR SUPPORTING THE BOILER. 

^^I. The boiler should be supported on points where there is the great- 
est excess of strength. Excessive local stresses from weight of boiler and 

contents must be avoided and distortion of parts prevented by using long 
lugs or brackets, and only half the stress which they may carry in the 
seams, to be allowed on rivets. 

The supports must permit rebuilding the furnace without disturbing the 
proper suspension of the boiler. The boiler should be slightly inclined so 
that a little less water shows at the gauge cocks than at the opposite end. 

E. D. Meier, Chairman. 
Henry J. Hartley. James Lapp an. 

JOHN MOHR. George N. Riley. 

James G. .H[tchell. D. Connelly. 

James C. Stewart, 
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CHIMNEYS AND DRAFT. 

According to Data and Rules given in our article on Combustion (p. 13, 
etc.)* we find that from 12 to 14 lbs. of air are required per pound of coal. 
Anthracites require the least, bituminous coals more in proportion to their 
excess in volatile constituents. Most authorities consider a surplus of air 
requisite for complete combustion, so that a total amount varying from 18 to 
24 lbs. of air per pound of coal is advised by various authors. 

Taking 13 lbs. as the average amount of air chemically required, and 
the air at 62° F. and chimney gases at 500° F., this means that in order to 
attain perfect combustion we must sacrifice from 6 to 12 per cent of the calo- 
rific value of every pound of coal we burn in drawing " surplus '* air through 
the furnace. Besides this, there is a loss in the cooling of the gases, and 
thus lessening the quantity of heat transmitted to the boiler. A thorough 
mixture of the air and the coal gas would do away with the necessity of most 
of this surplus air and thus prevent these losses. We have seen (pp. 14, 
1 5) that an increase in the rate and temperature of combustion reduces the 
proportion of surplus air required. This means reduced grate area and in- 
creased draft, and points to high chimneys. 

What we call draft is simply the fall of the heavier (because colder) 
outside air to supply the place of the lighter (because heated) gases which 
rise from the furnace to escape through the chimney. We cause it artificially 
in a furnace just as wind is caused by the heat of the sun in nature. 

The difference in weight of the column of hot gas in the chimney and 
that of a column of the outside air of the same height is the force which 
causes the draft. 

It is customary to measure the draft in inches of water. We will assume 
the external air to be at 62' F. and that in the chimney at 500' F. A cubic 
foot of air at 62" F. weighs 0,0761 lbs.; and at 500" it weighs 0.041 3 lbs.; the 
difference is 0.0348 lbs. For a chimney 100 ft. high we would have on every 
square foot of its cross section at the bottom an upward pressure of 100 times 
0.0348 lbs. = 3.48 lbs. A cubic foot of water at 62° F. weighs 62.32 lb., 
i. e., a column of water 12" high exerts a pressure of 62.32 lbs. per square 
foot on its base; 1" of water therefore means a pressure of 5.193 lbs. on a 
square foot or one of 0.577 ounces on a square inch. Our loo-ft. stack 
therefore shows a draft of 3.48 ^5.193, equals 0.67 inches of water or about 
0.39 ounces of pressure per square inch. 

In the above we have considered the gases in the stack as of the same 
specific gravity as air. But this is not true. The chimney gases are a 
mixture of carbonic acid gas nitrogen and gaseous steam, complete combus- 
tion being assumed. 

Carbonic acid gas has a specific gravity of 1.529; nitrogen of 0.971; 
steam of 0.624 ; air being taken as the basis =^ i. 

Hence in place of air at 500" F. weighing 0.413 lbs. per cubic foot, we 
have a mixture of gases whose weight varies with the var\'ing amounts of 
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each constituent. These differ with different coals, and therefore different 
kinds of coal will cause differences in the draft of a given chimney, even 
when the temperatures involved are the same. The following table gives 
for five well known coals the number of pounds of air required per 100 lbs. 
of coal burnt, weights of the resultant gases, the number of cubic feet of 
chimney gases at 500° F. and the weight per cubic foot of the mixture, at 
this temperature in the chimney. 

Table No. 63. 







Peb Cbht. 


Feb 100 Lbs. C01.1.. 


s 

KIND OF COAL. j ^ 

\ i 
1 g 

1 ^ 


B 



i I 

1 1 

o .5 


« 

1 




Ill 
Mi 


08 
IS 


Its 




Hi 

... 


Anthracite (Pa.) 

New River (Bit.) 

Youghiogheny '* 

Mt. Olive " 

Collinsville " 


A 
NR 

Y 
MO 

C 


1.81 

2.00 
6.80 
9.00 


86.75' 6.18 
77.00 18.00 
59.00 33.00 
46.00137.00 

32. 00:46. 00 

1 


5.26 1279 

5.0o'l385 

1 
6.001448 

10.201353 

13.00 1345 


1374 
1480 
1542 
1443 
1432 


31440 
34454 
36367 
34711 
35052 


0.0437 
0.0429 
0.0424 
0.0416 
0.0408 



These different weights of the gases of combustion then cause differ- 
ences in draft power of the same chimney, even when the temperatures 
of the gases and of the outer air are the same in all cases. Table No. 
64 is figured for certain average conditions of practice. The last line is 
added to show the results as usually figured on the assumption that the 
chimney gases have the same weight as air. 



Table No. 64. 



Draft Pressures Due to Different Coals, with Different Tem- 
peratures of Air, but same Chimney Temperature. Chimney 
100 Feet high above Grates. 



Gaaesof Com- 
bustion 
from 


Weight 

1 Cubic Foot 

at SOO" V. 


Weight Draft in Weight 
1 CSabic Foot' inches 1 1 Cubic Foot 
Air atO* F. of Water. Air at 620F. 

'1 


Draft in 

inches 

of Water. 


Weight 
1 CubicFoot 
Airatl02*>F 


Draft In 

inches 

of Water. 


A 

N.R 

Y 

M. O 

C 

Air 


0.0437 
0.0429 
0.0424 
0.0416 
0.0408 
0.0413 


0.0864 1 0.822 1 0.0761 
0.0864 f 0.837 | 0.0761 
0.0864 0.847 ' 0.0761 
0.0864 0.863 ^ 0.0761 
0.0864 i 0.878 0.0761 

0.0864 1 0.869 1, 0.0761 

1 r 


0.624 
0.639 
0.649 
0.664 
0.680 
0.670 


0.0707 
0.0707 
0.0707 
0.0707 
0.0707 
0.0707 


0.520 
0.535 
0.545 
0.560 
0.576 
0.565 
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The table further shows that difference in temperature of the outer air 
may affect the draft of the chimney to the amount of 50 per cent and over. 
In practice we find sometimes too little air, which shows inexcusably bad 
design or management, sometimes (though rarely) just enough, and some 
times (see p. I3) amounts of surplus air varying from 10 per cent, to 100 
per cent. In the former case we have imperfect combustion which may mean 
a waste of the entire volatile portion of the fuel, which by Table 63 may run 
up to 20 per cent and more of actual loss. 

In the other cases we have to draw into the furnace, heat and expel 
through the chimney varying quantities of inert air, which again represent 
various percentages of loss. The following table illustrates this : 

Table No. 65. 
Showing Weight and Volume of Chimney Gases from 100 lbs. 
each of Various Coals at 500** F. on the Assumption of Various 
Percentages of Surplus Air. 



Ref. 
Letter 



10% Sdrplus aib. ■ 25% Surplus Air. 60% Sdrplds aik. I 100% Sdrplcs aib. 



^t j Wt. per 



Vol. 
Onb. 
Ft. 



Wt. 



Wt. per 
Onb. Ft. 



Vol. 
Onb. 
Ft. 



Wt. 



WUper 
Onb. Ft. 



VoL 

Cob. 

Ft. 



Wt. 



Wt.peri }^l 
Cnb.Ft. ^^ 



A... 

N.R. 
Y... 



1502 0.0435 



16190.0428 
1687 0.0420 
M.O.;i578 0.0416 
C... 1567,0.0409 



34540 
37814 



1694 
1826 



40187 1904 
37981 1781 
38322,1768 



0.0434 
0.0427 
0.0419 
0.0415 
0.0409 



39190 
42808 
45447 
42891 
43182 



2014 0.0429 46940 2653,0.0425 C2440 

'II 
2172 0.0418:51154i2865i0. 0416 67854 

I 'I 

2266 :0 . 0418 54207 2990;0 . 0417,71747 

2119:0. 0415|51071,2796|0. 0414 67431 

2104 0.0410i513lO2777;0.0411 67570 



If we take for example Youghiogheny coal, we see that with 100 per cent 
surplus air the weight of the chimney gases has been reduced to 0.0417 lbs. 
per cu. ft. We have, then with the air at 62° F., a draft pressure of 0.66 
inches in place of the 0.649 inches of Table 64. That is a gain of U per 
cent in draft by admitting 100 per cent surplus air; but we have 96 per cent 
more in volume of gases to push through the chimney. If we still assume 
the temperature of chimney gases at 500° F., this surplus air (at 0.2379 
specific heat) requires 150592 H. U. to bring it from 62° to 500°. As this 
Youghiogheny coal averages 12800 H. U. per lb., it would take all the heat 
from 11.76 lbs. of coal to heat this surplus air, a loss of nearly 12 per cent in 
the eftkiency or economy. 

If on the other hand we assume that the chimney temperature will be 
reduced, and no fuel is wasted in heating this surplus air, this total possi- 
ble reduction based on the same at 62° F., with the specific heat of air at 
0.2379, that of the gases of combustion at 0.2495, and that of the mixture at 
0.244, amounts to 207° F., entailing practically the same loss in heat, viz., 
151100 H. U. But with the chimney temperature at only 293° F. we would 
have only 0.023 difference in weight of inside and outside columns, or 0.44 
inch draft, in place of 0.65 inch, a loss of over 32 per cent in chimney 
efficiency, or capacity. In other words this surplus air has reduced the 
velocity of the gases in the chimney nearly one-third, while giving us 96 per 
cent more gases to move. This shows forcibly that a low chimney temper- 
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ature may snovir waste of fuel; it shows economy only when attained with a 
minimum of surplus air. 

The velocity per second of the gases in the stack is given by the formula 
V — i^ai* in which **h" is the height of a column of the hot chimney gas 
whose weight is equal to the difference in weight of the air outside and the 
gas inside of the chimney. As we can express this head in inches of water 
"p," we get the formula V=Cl''P in which the constant **C" varies ac- 
cording to the composition of this gas. For the gaser. at 600** F. from the 
various coals above considered, the formula becomes : 



V — 87.2 l^P 


for Anthracite Coal. 


V = 87.92 l^P 


for New River Coal. 


V — 88.56 IP 


for Youghiogheny Coal. 


V =. 89.36 1 ^P 


for Mt. Olive Coal. 


V =- 90.24 l^P 


for CoIIinsville Coal. 



For ♦he entrance velocity of the air under the grate, we have for 62** 
F. the formula V— 66.1 i^P 

These formulas give us velocities of 75 ft. p. second and over for th^ 
quite usual draft pressure of 0.75 inch of water. But no such velocities 
exist in boiler chimneys. The reason is that only a small part of that differ — 
ence in pressure, which our draft gauge measures at the base of the stack i^ 
or can be utilized for producing velocity. The greater part of it is requirecS 
to overcome the frictions of the grate with its bed of fuel, and that of th^ 
boiler flues or tubes. The ignoring of this fact has led to the oft repeateci 
error that there is practically no gain in chimney capacity by an increase' 
in the temperature of the gases, because their increase in volume counter- 
balances the increment in velocity. And thus the maximum capacity is 
stated as reached when the gases have about double the volume of the 
external air. On the other hand, an English authority, Mr. Thos. Box, 
shows that with a flue 100 ft. long from furnace to base of chimney, the 
maximum power or capacity is reached only when the gases in the stack 
have about ^U times the volume of the external air, i. e., when their temper- 
ature has risen to nearly 1400° F. Neither of these views recognize that 
the character of the fuel, the thickness of the bed upon the grate, the 
methods of tirinji, and the proportions of the grate are really the determining 
factors in this question. And while it is true that temperatures as high as 
1100° K. liave been observed in practice, they show very bad practice. 
But even in niucli more moderate limits an increase of stack temperature 
may nuiterially increase the power or capacity of a given stack. 

(^arelul experiments are sadly needed for determining what fractional 
parts ol the draft are expended in overcoming the various frictions men- 
tioneil. Hut from a large number of boiler tests we may safely figure out 
that modern practice requires entering velocities of from 9 to 25 ft. per sec- 
ond for the air, and escaping velocities of from 7 to 30 ft. for the chimney 
Kascs; ;nui with due allowance for chimney frictions, we have then a total 
of tr«)in 0.0.1 to 0.22 inch of draft required for these. The frictions in fur- 
naco and boiler are similarly found to run from 0.4 to 0.6 inch, making the 
♦otals range from 0.43 to 0.82 inch. With these data in hand wt can figure 
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out the probable effect othigh chimney temperature in increasing the actual 
working power of a stack. 

We will assume a plant with a chimney 100 ft. high, burning Youghio- 

h ^ny coal at a pretty brisk rate, taking 60 per cent surplus air, and chim- 

i ney gases at 600® F. and air at 62° F. The stack at this rate is doing its 

<luty well, and the plant is fairly economical. A demand for one-third more 

steam is made by those little additions to the machinery or increased direct 

use of live steam, which in the popular belief "cost nothing when you once 

have a good boiler." TAe boiler and the fireman have to get this steam some 

^'w. The only recourse will be such changes in the method of firing as will 

'Hirn more coal per minute, and the only way to do it is by letting the gases 

^ape hotter and thus get the increased draft. By firing oftener and more 

Judiciously, the bed of fuel will not be much thickened and the friction here 

"^WX be increased probably only one-fourth, and in the flues hardly that 

Wuch. 

Suppose the chimney gases to go to 900* F. then the account will stand 
«bout as follows; 

Ordinary Work 

W»rk. Jucreased. 

jn percent 100% 133KJ& 

Jtaclc temperature 600» 900» 

*•«■--.. 62* %V 

^yail^^le draft 0.649 inch. 0.889 inch. 

Jl*" Entering at velocity of 10 ft p. sec 13.3 ft. p. sec 

J**^<^« escaping at velocity of 12 ft. p. sec. 23.0 ft p. sec. 

^*"^^ required for entering velocity 0.0280 inch. 0.0400 inch. 

*^^^tt required for escaping velocity 0.0182 " 0.0676 '« 

*^**t required to overcome furnace frictions- 0.6000 " 0.7600 " 

Total expended 0.6412 " 0.8576 " 

^^ving balance available 0.0078 " 0.0314 " 

total pounds gas from 100 lbs. and 133 Ibs.coal with hO% 

surplus air 2266 lbs. 3021 lbs. 

Total volume at M0*» and 900' 54207 cu. ft 10l376cu.ft 

As these volumes bear to each other the same ratio as the velocities 
12:23, the stack is now doing its work just as well as before. In fact the 
balance of draft remaining could be used in increasing the velocity of exit 
to nearly 28 ft., i. e., carrying off nearly 22 per cent more gas in volume, 
equivalent to a further increase in capacity for coal burning of nearly 16 per 
cent. Or practically we can increase the capacity or power of the stack by 
nearly fifty per cent by increasing the temperature of the gases from 500^ to 
900** F. The cost of doing this is of course very great. 

At 500** the chimney required for its total work of drawing in the air and 
expelling the gases about 13 per cent of the fuel burnt ; at 900*^ it requires 
25 per cent, a clear loss or zcaste of 12 per cent. 

The same result can be attained without a pound of additional fuel by 
raising the chimney 40 ft. 

Table No. 66 illustrates this general question, but in applying it to any 
existing problem, careful measurements should first be made of existing resist- 
ances on the way from boiler front to base of chimney. 
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Table no. 66. 



Showing Changes in Capacity of Chimney by Changes in 
Temperature of Gases, With Height Constant ; or Changes in 
Height with Temperature Constant. Air at 62" F. Weight of 
Gases, the Average of the Five Coals Considered. 



Temperature of escaping gases 
with 100 ft. chimney 

Per cent of total coal necessary to 1 
establish draft / 

Draft obtained in inches of water 

Height of chimney for same draft, 
at 600«» F., in feet 



10 

0.56 

86 



500" 

13 

0.65 

100 



600«» 

16 

0.7S 

112 



TOO? 

19 

0.79 

121 



SCO" 

22 

0.85 

131 



900" 

25 

0.89 

137 



We append a further table showing the effect on velocities and areas of 
chimneys from differences in quantities and mixtures of gases, and from the 
varying values as boiler fuels of the five coals considered. While this is 
figured on the basis of no surplus air, the ratios found will be but little 
affected by such surplus. 

Table No. 67. 



Velocities in % of A 

Quantities of gas in cub. ft 

Areas should be, in f» of A for equal ) 

quantities of coal j 

Comparative evaporative efficiency \ 

in lbs water from and at 212* j 

Pounds coal burnt to be equal in effect \ 

to H)0 pounds A i 

Equivalent chimney areas % 



Anthra- 
cite. 


New 

ElTer. 


Yoaghio- 
gbeny. 


1 
Mt. i 

OUre. 1 

1 


100 
31440 


101 
34454 


102 
36367 


103 ; 

34711 1 


100 


108.5 


113.4 


107.2 j 


9 


10.5 


10 


7.5 


100 


85.7 


90 


120 


100 


93 


102 


128 



Collins- 
Tille. 



104 
35062 

107.2 



12S.5 
13S 



The above considerations show the practical difficulties in the way of 
any general formulas for chimney height and area, and explain why the 
" doctors disagree " in regard to them. If we had exhaustive and complete 
tests on the amount of grate and fuel bed frictions under the severe condi- 
tions of modern boiler practice, and with different kinds, qualities and condi- 
tions of coal, probably all accepted formulas would, by substitution of new 
constants, be brought into substantial accord. But constants based on grates 
with 25 to 33 per cent air space, and on a consumption of 8 to 15 lbs. coal 
per hour per square foot of grate will lead to erroneous results in modern 
practice with 50 per cent air space and a consumption of 20 to 40 lbs. coal. 
Therefore our results must be modified by careful judgment based on well 
known local conditions. The best known formulas are Smith's, Kent's and 
Gale's. They are as follows : 



A - 

h = 
In which " 



Smii'A. 
0.0825_F 

I 11 
/0.0825F\' 



A 

h 



Kent. 
__ 0. 06 F 



A 

h 



Gale. 
0.07 F*^ 
180/ F V^ 



area, '• h " = height of stack in feet, *' F " — pounds 



— \U — 



coal burnt per hour, " t " — the stack temperarure, and *• G " — grate area. 
But in Kent's formula, " A " represents the effective area only, and he adds 
a ring 2" wide all around to allow for chimney frictions. Thus if the formula 
gives you a chimney of 41" diameter or of 3C" square, you must make its 
actual size 45" diam. or 40" square. For 100 ft. height, Kent's formula gives 
a total area 11 per cent larger than Smith's for 250 lbs. coal per hour (50 H. 
P.) ; exactly the same for 600 lbs. coal (100 H. P.) ; 18 per cent smaller for 
1000 lbs. (200 H. P.) ; 24 per cent smaller for 5000 lbs. (1000 H. P.) etc 
The 5 lbs. coal per H. P. is merely a convenient assumption, and is basedon 
an evaporation of 7 lbs. water per lb. of coal. The areas will vary accord- 
ing: to the quality of coal, and such data on evaporation as local practice sup* 
plies, as indicated by our Table No. 67. 

Kent's formula has the advantage of recognizing the practical fact that 
for larger powers the area of chimney required p)er horse power becomes 
le:;s. 

The general form of Gale's formulas is more promising. But as his con- 
stants are based on observed data much smaller than those of best modem 
practice, they lead to rather too large results. But his making the hei^ 
depend onP" on the stack temperature and the rate of combustion is 
much more in accord with the facts than making height and area inter- 
dependent as the other two formulas do. With Gale's constants modified so 

120/ F \' 

that h -= "TV G/ ^^^ heights can be fixed and then Kent's formula for 
areas applied. The interdependence of height and area exists only in limits- 
defined by practical observation. Outside of these the assumption leads to 
an absurdity. F. i. Kent's formula for area would give a 64" chimney 9 ft- 
high as equivalent to a 35" chimney 100 ft. high. 

Practical and local considerations generally fix the height required. The 
chimney must be higher than surrounding buildings or hills, else whenever 
the wind comes from the direction of the higher object, the draft will be 
seriously impaired. Then the nature of the coal must be considered. 

Mr. J. J. de Kinder, M. E., who has been engaged on a large numt>erof 
boiler and coal tests for the Pa. R. R. and other large consumers, using tele- 
bcop.c stacks to meet this very question, gives 75 ft. as height for the most 
free-burning bituminous coals, 115 ft. for slow-burning bituminous, and from 
125 to 150 ft. for anthracite coals. These latter being of three kinds, free- 
burning such as Lykens Valley ; semi-free-burning such as Delaware and 
Lackawanna ; and hard-burnin<!: such as Lehigh Valley ; they cannot be dis- 
tinguished from eacii other by appearance. 

DeKinder gives as necessary draft for anthracite 0.75 inch to 0.88 inch, 
and is in substantial a^irt-ement with Dr. Emery and Mr. Hague in this. He 
o;ives 20 to 25 lbs. per hour as mimimum rates of combustion, 40 per cent air 
space in grates for anthracite and 50 per cent for bituminous coals. 

We give in Table No. 08 appropriate heights and areas of chimneys for 
powers from 75 to 3100 horse-power ; based on an assumed evaporation of 7 
lbs. water per lb. coal, equivalent to 5 lbs. coal per H. P. per hour. 

For better or poorer coals any figures from this table can be readily 
modified by referring to the tables in the earlier pages of this article. 

If bituminous slack is to be used, the chimney should not be less than 
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JCOfeet high, and not less than 125 feet high for anthracite pea, or 150 feet 
for anthracite buckwheat. 
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IIKIGHTS IX FEET. 




Sqnmre 

feet. 


ill 


75 


80 


85 


90 


95 


100 


110 


120 130 140 


150 


175 


300 




COMHfiROIAL HOBSE FOWKH. 




3. 14 


24 

26 

28 

30 

32 

34 

36 

40 

44 

48 

54 

60 

66 ! 

72 

84 

96 
108 
120 


75 
90 


78 81 


■ 1 1 1 ! ' ' 1 1 


3.69 


92 
106 
122 


95 
110 
127 
144 
162 


98 
114 
130 
149 
168 
188 




1 1 


4.28 


117 
133 

152 
171 
192 
237 
287 


120 
137 
156 
176 
198 
244 
296 
352 
445 




. . .....'....'... .1 '. . . . 


4.91 


1 i ' ' 1 


5.59 


164 
185 


1 




....,....'---- 


6.31 












1 




7.07 






208 
257 
810 
370 
468 
577 
697 


215 
267 
322 
384 
484 
600 
725 
862 
1173 












8.73 








279 
337 
400 
507 
627 
758 
902 










10.56 


















12.57 










413 
526 
650 
784 
Q39 








15.90 














19.63 








1 


67? 






23.76 






1 


815 
969 






28.27 








1044 




38.48 


1 






1229 1270 
1584 1660 
2058 '^IH'? 


1319,1422 
1725 1859 
21812352 
26939904 




50.27 


! 








1983 


63.62 


1 


....... .1 




2511 


78.64 


....|.... 












2596 


3100 




' 


1 








, 









"Whenever it becomes necessary to have long flues leading to a chimney, 
^he power of the latter becomes more or less impaired. We adapt the fol- 
'o>viiig table from Mr. Thos. Box ; the total length of flue from grate to 
^ase of chimney must be considered. 



Table No. 69. 
Reduction of Chimney Draft by Long Flues. 

Total length of flues in feet... 50 100 200 400 <iO0 800 1000 2000 
Chimney draft in percent 100 93 79 66 58 62 48 35 

A further loss in draft results from any downward course of the gases in 
*he flue. It may be roughly accounted for by using double the length of 
*uch down turn in making up the total flue lengths for the above table. 

Where several boilers lead into one chimney, a further factor comes in 

reduce the required area. The heaviest work for the chimney is just 

^■^^r firing, since the friction through the fresh coal is greater and the tem- 

j?^''^ture less than some minutes later. But it would be very bad practice to 

''^^ ^11 boilers or all doors simultaneously. Hence the second and succeeding 

*^*^^rs do not require as much area as the first. It will be safe to figure 75 

|T^5* ^^^^ ^or the second and 50 per cent each for the third, fourth, etc. But 

*^ advisable to increase the height slightly for each boiler added. 

E. D. M. 
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A MODERN BOILER PLANT. 



A good boiler plant is something essentially modern. Since JVaf/ yoked 
the Power, and Stephenson harnessed the Speed of Steam to the triumphal car 
of modern progress, invention has been busy, throughout the civilized 
"vvorld, with improvements in all the elements of a complete steam plant. 

But owing partly to the fact that the engine seemed to offer more 
chances for experiment, and better opportunity for observation, and partly 
to the knowledge that the losses in the engine were vastly greater than in 
«ven a carelessly designed boiler plant, the engine has received by far 
greater attention. Even now it is not an unusual thing to find a steam 
plant in which every refinement of modern engineering has been carefully 
brought to bear in the design and construction of engine and shafting, while 
the boiler plant has been settled by prescribing the number of square feet 
of heating surface, and adding a few commonplace specifications about the 
steel, which can be as well filled by a high sulphur steel as by good flange 
stock. Many an intelligent manufacturer will point with pride to his pol- 
ished Corliss engine, will show you model indicator cards from it, while 
neither he nor his engineer can tell you within 25 per cent what his boilers 
are doing. 

It is not uncommon to find the boilers stowed away in some hole, so 
close, dark and ill-ventilated that no self-respecting skilled laborer will con- 
tinue to work in it, and a good fireman is emphatically a skilled workman, 
having charge of an important chemical process whose proper handling, in 
many lines of manufacture, determines whether the books will show loss or 
profit at the end of the year. 

Natura41y enough, ill-designed, badly proportioned breechings or flues 
are often found in such places, connecting into chimneys neither wide 
enough nor high enough for the work expected of them. But within the 
last decade more attention has been given to the boiler plant. Much educa- 
tional work has been done by boiler companies, notably by one which 
annually publishes in its catalogue much useful information and many con- 
venient tables of data connected with steam generation, which are not else- 
'where readily available to the average steam user or his engineer. Much 
credit is due to the large electrical companies who have boldly departed 
from antique superstitions, and have put as much thought into their boiler 
plants as into the other elements of their large installations. 

A boiler plant consists in the main of three essential parts, each one of 
which has its own important office in the success of the whole. 

First, there is the Chimney or Stack with its Flue or Breeching, to carry 
off the waste gases and to create the Draft, without which combustion in a 
practical and economic sense is impossible. 

Second, the Furnace or Setting, whose arrangement and dimensions de- 
termine the important elements of quantity and economy of combustion. 

Third, the Boiler, whose proportions and design must be such as enable 
it to absorb the maximum amount of the heat produced by the furnace, 
thus determining finally the capacity and economy of the whole plant. 
These separate and distinct offices of .the three component parts of a boiler 
plant are often confounded, not only by those lo 'wYvotcv aL>acy\'et-\Ckatcv vs»'^v5cv.- 
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ply a vague counterpart of the Black Hole of Calcutta, but even by those 
u'ho claim to "know all about boilers." How often is the boiler manufac- 
turer met by the question: "Will your boiler bum slack?" or **tanb2rk"or 
some other fuel desirable because cheap. Aside from the fact that tbe 
boiler has usually very little to do with it, the question can only be answered 
by exercising the Yankee privilege of asking a few more. F. i. "How 
much draft have you?" or "What are the dimensions of your chimney?" 
the answer will generally be "a splendid draft," or "we have a fine big 
chimney built only a few years ago." But this gives the boiler man but a 
very vague idea. He wants facts and he does not get them. The splendid 
draft may prove to be, according to the personal equation of his informant, 
anything from four-tenths of an inch to an inch of pressure, the chimney 
may be anything from half to full capacity for the work in hand, and yet 
upon an accurate knowledge of these data the correct answer to the first 
question depends. 

THE CHIMNEY. 

The Chimney determines how many pounds of fuel can be burnt per 
hour, the quantity varying with the kind of fuel in very narrow limits, and 
also to some extent depending on atmospheric conditions. Its office is to 
remove the waste gases whose quantity varies but little whether smoke 
accompanies combustion or not, and to supply enough air to oxydize all 
the fuel. The Draft pressure is simply the difference in weight between a 
column of hot and therefore light gas in the chimney, and a column of air 
outside, of the same height and area. The greater the draft pressure, the 
greater the speed of the spent gas leaving and the fresh air entering the 
furnace, and hence the greater the quantity of fuel which the same chimney 
area will enable us to burn. 

This pressure, as explained, depends on the height and temperature of 
the cohimn of waste gas; it may be increased at will either by making the 
chimney higher or allowing the spent gas to escape at a higher tempera- 
ture. The latter method is very wasteful and should never be resorted to 
except where the former cannot, for some local reasons, be adopted. Of 
course, with larj^er chimney area less speed will suffice for the same quan- 
tities of gas and air, and this fact is often urged to bolster up the antique 
superstition that a low chimney with ample area will do the same work as a 
tall one of h'ss iliameter. If this were true, removing the roof of the boiler 
house ou^jht to prove a good substitute for an expensive chimney, and a 
f;as t^Iohr nii(;ht convcnientl}' replace the broken chimney of a student lamp. 

It is just Iu;re that the nature of the fuel affects the matter. To cause 
(•<»iiil)ustiou th(>air must he brought into intimate contact ^\t\\ all the particles 
of tin; fuel. With gas or oil this may be done with small initial draft. 
'V\\r ft ii/ionitl rriisfiinir to the passage of the air through a bed of solid fuel 
of any Uiml increases with the decrease in the size of the pieces, lumps or 
Kiiiiii of the linl. Hence a sharper draft is required for sawdust ortanbark 
til. in for cord wood, ftir slack or pea coal than for nut or egg coal. But the 
snialU'r \\\v grain of the fuel the more surface is presented for the oxydizing 
at tiiin of \\\%\ air. hence the more imiform the combustion. Therefore the 
cuiehd lircMuan breaks his lump coal just before firing. 

Again most coals have two rates of combustion which give best economic 
Results, One usually a very low one and hence hardly available in the very 
liniitrd .S7>;iir? ^'rnerally fixed by modern cotvA\\AOxvs. TVia o\.\\«t \s •». \svucK 
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higher one, the intermediate rates being frequently very wasteful. This 
higher rate makes more power possible in the minimum of floor area and hence 
meets modem demands. It developes higher temperatures, and, as great 
differences in heat favor its transmission, it makes more work possible in 
the boiler. 

Finally a strong draft in tho chimney is less liable to interruption by gusts 
of wind than a sluggish one. All these considerations point to the tall 
chimney as the source and fountain of all the energies of a modern steam 
plant. 

The smoke stacks of the Pacific Mills, Lawrence; the Boston Edison 
Co.; the Narragansett Electric Light Co., Providence; Broadway Cable R. 
R. New York; Clark Thread Mills, Newark; Union Depot R. R., St, Louis; 
Chicago Edison Co., and Anheuser-Busch Brewery, St. Louis, are good ex- 
amples of modern practice in the matter of tall chimneys. 

The forty to sixty feet smoke stacks which were "plenty high enough" 
belong to the past, with the old stone mills, the ram shackle engines with the 
gothic ornaments, low steam and timber bed frames. 

The Flue or Breeching connecting the furnace or setting to the chimney 
properly forms part of it. It should be of equal or slightly larger area and 
where changes in shape or direction cannot be avoided they must be made 
easy and gradual, carefully preserving the area at all points. Abrupt turns 
or contractions of area are known to interfere with the flow of liquids; fre- 
quent and facile observation shows this to every one, and tables are pub- 
lished showing the observed loss in effect by those of most common occur- 
rence. In the case of gases tlie effect is even more damaging, since the 
initial force is generally (in a chimney always') limited, while opportunities 
for observing this action are not frequent and have to be specially created. 
Therefore so many sharp turns and sudden changes in area are met with 
in steam pipes and smoke flues, which, a little thought would prove, should 
be avoided. Where one chimney serves several boilers, the branch of the 
breeching or flue for each must be somewhat larger than its proportionate 
part of the area of the main flue. 

Forced draft is sometimes employed with good success. It should be 
an adjunct merely, but cannot be made to replace a tall chimney. Com- 
bustion will not be as perfect under pressure as under a slight vacuum. A 
leakage of air inward through the furnace walls helps to supply hot air for 
combustion, and to some extent reduces and counteracts losses by radia- 
tion. But excessive forced blast which more than counterbalances the 
draft of the chimney will increase radiation and by leakage through the 
walls, doors, etc., outwards cause much loss. Worst of all it interferes 
with the fireman by making his work hard and unsatisfactory. 

THE FURNACE. 

The chimney having fixed the quantity of fuel we can burn, we must 
arrange our furnace so that it will do the best work within this limit. We 
must remember that the draft must be husbanded, its whole force to be called 
on only for our maximum effort. The kind of fttel and the nature of the 
sersxc^Vi'-^AeXexvcivci^^^ proportions of our furnace. The furnace which 
will give excellent results on coal will be found inadequate for wood, if it 
be proportioned for the steady and regular work of a flour mill, it must be 
modified to meet the sudden and varying demands of an electric railway. 
Thegra/e mux/, in area, in width and shape oi a.\t sp3ice%,\Ti. \feT\^^^^cv •a.-sA 
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design of bars te mJ/usUJ to the land xA work the plant is to do, and the 
peculiarities tA the fneL Tbus a baking and dinkering coal requires few 
and vide air spaces, a dry and friable one must have many and narrow 
ones. The total air space of the grate must be made as large as possible 
since it is the actrre elemeni; the metal must be reduced in width as much 
as is con:pat:bIe with strength. The surface of the grate must be as smooth 
and even as possible so as to oSer no impediment to the use of the clinker 
bar and other ere tools. The longer time required for the perfect combus- 
tion of a fuel the larger must furnace, combustion chamber and flue be 
arranged. For sufficient air, high temperature, and time and space are 
equally important conditions of thorough combustion, and this must be 
completed before the gases are brought in contact with the heating (or 
here cooli ng surfaces of the boiler. These rules apply to the various patent 
grates, stokers and furnaces as well as to the standard devices of established 
practice. And the best invention must in its application be supplemented 
by experience, calculation and design. The walls of a good furmtue should 
have zsfiu.' openings ^ doors, etc., as possible, since every break in the bond 
of the brickwork increases the tendency to cracks, which can never be en- 
tirely avoided, but which cause leaks so detrimental to complete economy. 
Double walls with air spaces between them should always be employed 
where practicable, so that this unavoidable indraft through the cracks may 
be heated and utilized for secondar}' combustion. 

The lining of the furnace proper and the bridge wall should be made of 
a quality of fire brick which combines great refractory power with hardness 
and toughness to resist the abrasion due to the fire tools and the clinkers. 
The combustion chamber and flues may be lined with a cheaper grade since 
the heat is less and no abrasion possible. The cheap plan of using no fire 
brick abaft the bridge wall is wasteful in the end and therefore bad prac- 
tice. As no bond of either fireclay or mortar is absolutely reliable under fur- 
nace temperature, long and stout anchor rods should be used to tie the 
walls securely together. It is of course necessary to make the joints be- 
tween the furnace and the boiler as nearly air-tight as possible. This is best 
done by leaving joints wide enough to clear all projecting parts of the boiler, 
such as rivet heads, etc., and then filling them with some spongy material, 
f. i., tow or waste thoroughly saturated with fireclay. This is pliable 
enough to follow the movemfnts caused by alternate expansion and contrac- 
tion ii.'iihout racking the brickwork or impairing the joints. By this arrange- 
ment the boiler can be made entirely independent of the stability of the walls. 
For all clinkering coals a cemented ashpit kept full of water is advisable. 
Having now designed a furnace, capable of burning our fuel to best 
advantage, little and slowly when the demand for power is slight, much and 
fiercely when the full load is put on, i. e., having devised the best means 
for waking the sleeping force in the fuel to the active energy of living Heat, 
we want means to translate this into Mechanical Poiver. 

THE BOILER. 

The Steam Boiler furnishes the means. If we except certain dangerous* 
vapors, steam, which is the gaseous form of water, is the substance w^hose 
expansive force grows most rapidly with each increment of heat. It has 
therefore become to civilized man the almost universal means of drawing 
active working force from the latent Sun-"Etiet%v s\oxe^>\^ VoxVYavVort^^^ei 
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past by provident Nature. In the furnace the energy of heat has been called 
to life; the boiler is now to absorb this heat and to transmit it to the watet 
within. This will first rise in temperature with less than five per cent ex- 
pansion, until a point is reached when each additional unit of heat absorbea 
changes a particle of water into the vapor we call steam. This change 
is accompanied by an immense increase in volume, and as the boiler im- 
prisons the steam and exactly limits the space it may occupy, each nei* 
particle thus changed crowds on those gone before and the imperative ten- 
dency to occupy more space begets the expansive force or pressure oi 
steam which our gage registers. To hold this pressure with safety, is the 
j^^<7«^ ^^^(f of the boiler. If there be just room in the boiler above the 
water line, to contain one pound of water converted into steam at atmos- 
pheric pressure, the second pound thus converted crowds the first into Aa/J 
this space, appropriates the other half itself and thereby adds fully fifteen 
pounds per square inch to the originally existing pressure^ and so on with 
each succeeding pound of water which the heat absorbed changes into 
steam. At the same time each pound of water previously converted into 
steam must absorb a certain quantity of heat to enable it to retain its gas- 
eous form under this increased pressure, or some portion of it will 
fall back as watery spray. Every one who has seen a teakettle boil knows 
that the steam rises in transparent bubbles, which burst as they reach the 
surface, scattering spray to all sides but mainly upwards. The spray^ be- 
ing water, has no expansive force, and when allowed to leave the boiler 
with the steam not only represents so much inert matter carried along but 
presents innumerable surfaces to invite and hasten condensation. The 
third office of a good boiler is therefore the separation of this entrained 
water from the steam. This is an important office and worthy of the ser- 
ious thought of the designer; yet it is often neglected in superstitious 
reliance on the fetich of an excessive amount of heating surface. 

The water with which boilers are fed is rarely even approximately pure. 
Salts of lime and magnesia are the most frequent impurities chemically com- 
bined, while much extraneous matter both vegetable and mineral is carried 
along mechanically. The latter as well as the carbonates are readily precip- 
itated at the boiling point at atmospheric pressure. But the sulphates o/ 
lime and magnesia require a temperature of nearly 300" Fahrenheit to be- 
come insoluble and drop to the bottom; this is about the boiling point for 
water under fifty-two pounds gage pressure. While therefore the common 
exhaust feed water heater and the old time mud drum will, if properly pro- 
portioned to the work remove the mud and the carbonates, they will have 
no effect whatever on the sulphates. For it is matter of common exper- 
ience that you can almost hold your hand on the mud drum of a battery of 
boilers while they are under 100 pounds of steam, especially where the old 
method of feeding through the mud drum is adhered to, and an exhaust 
feed heater cannot yield more than 212° Fahrenheit temperature. The j»/- 
phates make the hardest scale when allowed to bake on the heating surfaces. 
Their removal is therefore even more necessary than that of the mud or the 
carbonates. If a mud drum or other vessel is made part of the boiler for 
this purpose it must be placed where it will necessarily /ar/tf/4tf<j^ or a/>^r«*- 
imate the steam temperature.. The best modern practice removes all these im- 
/fur/Z/^fs by Jive steam purifiers, by chemicaY pTec\p\XaX\OTv, ox b^ filtration 
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after coagulation, before feeding the water to the boilers. But this best 
practice is not as yet the general rule, and these means may sometimes 
prove inadequate. Therefore a good boiler should be able to dispense with 
them, or, when supplied, to supplement their work. 

The four f A office of the boiler is then to remove all impurities from the 
water which may have escaped other cleaning agencies, and to deposit them 
at points where they do the least harm and can be readily removed. No 
means are so efficient for this purpose as positwe and unchecked circulation 
through all parts of the boiler, to keep the heating surfaces swept clean; 
and the vessel to catch the impurities must be open to the main current. 
If it can be arranged so as to precipitate most of the foreign matter out of 
the water before it enters into the main circulation the result will be still better. 

The first office of the boiler, the absorption of the furnace heat and its 
transmission to the water requires thin and homegeneous metal for the heat- 
ng surfaces and a strong and positive circulation of the water. It is well 
tcnown that a tube or flue has much greater strength against internal than 
against external pressure. It is much easier to produce and maintain cir- 
culation through a tube than round about it. Finally it is much easier to 
clean the inside of tubes thoroughly,than the outside when they are grouped 
close together in a boiler. An iron tube of standard gage will stand 
2,500 pounds to the square inch of internal pressure before rupture, and the 
rupture in the vast majority of cases is small and local. The same tube 
would collapse under external pressure much earlier, and once begun the 
collapse would be practically total. 

Mr. Thomas Craddock of England, found by experiment that a velocity 
of water two miles per houir over tube heating surface doubled its efficiency in 
heat absorption, and that this circulation became more important the less 
the difference in temperature between the heat giving and the heat receiv- 
ing body. Therefore in the ultimate economy of a boiler, to realize all the 
heat possible from the escaping temperature of the gases, circulation is all 
important. The water tube then best fulfills the first, second and fourth of- 
fices above explained, and must therefore become a fundamental element of 
the Modern Boiler. It is evident that for the third office, the separation 
of the entrained water from the steam, another element must be added to 
the water tubes. With few exceptions water tube boilers are supplied with 
a large drum or several drums or shells for this purpose. Observation of 
the boiling of water in an open vessel shows that the spray will, as the 
steam bubbles burst, fly upwards a number of inches. There is reason to 
believe that in a closed vessel under pressure it will not fly quite so far, 
certainly not further. Steam at 100 pounds gage pressure is about seven 
times as heavy as at atmospheric pressure, and hence occupies only one- 
seventh of the space. The same weight of water evaporated per second un- 
der the higher pressure, will rise to the surface in much smaller bubbles, or 
in a smaller number, or most probably both. The speed with which the 
steam rises through the water depends on the difference between the weight 
of the steam and that of the water. At atmospheric pressure the water 
weighs 1,570 times as much, at 100 pounds gage pressure 213 times as 
much as the steam. For these two reasons then the speed and energy with 
which the high pressure steam rises will be much less than that observed at 
atmospheric pressure. Under normal conditions therefore there is less dan- 
ger of priming or wet steam at high pressures than aXVoviet OTves». "^\sX*A\s4 
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:ideDt or design a large valve be suddenly opened much entrainment fol- 
rs. This is because the sudden lowering of the pressure in the boiler 
iporarily increases the rate of evaporation enormously. This accounts 
\\it geyser like action of certain boilers, mainly of a vertical type, which 

previously have been working ''like a charm," as soon as a sudden de- 
id causes the engine valve to reach out for full stroke steam. From 
above explanations it is evident that a reasonable height of steam space 

a large surface at the water line will prevent priming under ordinary 
iitions, and some form of dry pipe placed well above the water line will 

care of moderate fluctuations. If we can further so direct the circula- 

that the film of each bursting bubble is thrown in a direction contrary 
e steam delivery^ we will have a living active force to counteract any 

of spray towards the steam nozzle. As these arrangements can most 
ily be made in a water tube boiler, this then best fulfills the third office 
good modern boiler, the separation of the entrained water from the 
n. 

lompare for a moment the favorite type of fire tube boiler, the horizon- 
lultitubular. Following the demands for a large heating surface, the 
5 are crowded in close together and above the center of the shell, leav- 
mly about one-fifth of its area as steam space, whose height is about one- 
hof the diameter. A recent report(A. B.M. A. 1892) shows that this ten- 
:y has gone so far that 30 per cent more tubes are put into boilers than 
lest rules for tube-spacing (A. B. M. A. 1889) warrant. This means 
the steam space and the steam liberating surface have been much en- 
ched on. Not only is the water line brought up too near the steam 
le, but the channel for the rising steam bubbles is so curtailed and cut 
hat they create great commotion at the water line, and increase the ten- 
:y to prime. The upper surface of the water is generally accepted as the 
« liberating surface. If all the steam were made on the surface of the 
sr row of tubes this would be correct. But all that is made on the bot- 
and sides of the shell, and on all the tubes below the top row has to 
; the narrow spaces between the tubes of the upper rows. These are fre- 
itly but little over an inch wide, and have to serve for the return circu- 
tn of the water as well as the upward rush of steam mingled with water. 
Geo. H. Babcock, M. E,,in a very instructive lecture on the circulation 
ater delivered at Cornell in 1890, suggests an ingenious method of ap- 
limately finding the speed of such rising currents. In a 00-inch boiler 
ould probably not be far from fourteen feet per second or say about ten 
rs an hour. Water rushing at ten miles an hour through a narrow slit 
do z. good deal of sputtering, and when it is half steam it will be practi- 
r all spray. The four or five inch body of water over the top row of tubes 
a slight retarding influence but the real liberating surface for the steam 
;vertheless the aggregate of the narro^u spaces bei^veen the upper tubes. 
ere there is any scale or nnid present in the w^ater, its location and ap- 
•ance after a fortnight's run shows that the bulk of the upward circula- 

in a horizontal tubular boiler is confined to a short section near the 
ge wall, its speed decreasing towards front and rear till it meets the 
nward currents which are strongest near the ends of the boiler. This 
her concentrates the steam delivery on a small portion of the liberating 
ace. For this reason this whole type of ftxe lube \io\\e\"=, %\Nt"s» ^^x. 
rn when forced. This has lead to insistence ov mote \veaX\xv^ %\ycVa.ce, 
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and this again when supplied without due increase in the other impoitaot 
ratios of tube spacing, liberating surface and steam room, J^rv^i-, as we have 
seen, to imrease the exriis it is intended to remedy. It must of course be con- 
ceded that in the boilers of the water tube type with either tubes or drums 
|Maced vertically or nearl\- so, the tendency to prime is even greater than in 
the horizontal tire tube types. But in the types which have stood the trsttj 
rears the tul^s and shells or drums are horizontal or slightly inclined, full; 
r.jJf :he she.'.' IS steam sj^ce. the vertical distance from water line to steam noz- 
zle is half tie diameter or more, the upward current of circulation is defitctti 
away from the steam opening, and the liberating surface is the largest km- 
zontal sectton of the shell, entirely free from tubes or other obstructions. 
Well designed boilers of this class have been forced to nearly double tbor 
rated capacity without approaching the amount of entrainment considered 
permissible in the horizontal tubular type at conservative rating. 

As these advantages are obtained with shells or drums of about half the 
diameter of fire tube boilers of the same evaporative capacity, greater safftj 
at nigh preaures is the result. For the thinner metal has more strength per 
sq. in., and uniformity than thicker plate of the same quality. The Vi\tt. 
seams admit of more favorable proportions. Thin sheets can be better fitted, 
than thick ones, etc. Thin metal transmits heat more rapidly than. 
thick, and hence suffers less deterioration, and finally the nest of tuhtm- 
in a water tube boiler protects the shell from the direct and fiercest 
heat, thus ensuring greater durability, and removing all danger of an^ 
chemical action of the hot carbon or sulphur on the steel boiler plates. 
The free circulation in a water tube boiler tends to equalize the tempera- 
tures all over the structure, thus frei-enting those dangerous strains due to 
unequal e.x/'itnsii'n. The old saw of ''ice at the bottom, water in the mid- 
dle, and steam on top" is but a slight exaggeration of what often occurs ia 
a fire tube boiler, and many a "mysterious" explosion may be due to such 
a cause. These are some of the points of superiority of the boiler proper. 
In relation to furnace and chimney there are several more. 

In a /rV c/.v/v i'oHer the aggregate tube area limits the capacity of the 
furnace, and c^iecks the work of the chimney. The cogent reasons against 
increasing it have been pointed out above. In a water tube boiler the flue 
areas can be freely proportioned to furnace and chimney and can even be 
adjusted \o suit local conditions after the boiler is built and set, without dis- 
arranging any important ratios. 

It is well known that ashes and soot soon cut down both heating surface 
and /?//<• area in fire tube boilers, and that flame entering a tube is soon ex- 
tin^^uisheJ: careful e.xperinients have shown "that i\\^ quantities of water 
evaporated by consecutive equal lengths of flue-tubes decrease in geometrical 

progression.'' ( D. K.Clark.) 

In wait-r tube boilers the ashes and soot find much less chance for lodg- 
ment, all the heating surfaces are constantly accessible, during ser^•ice, for 
inspection and cleaning: the y/i/w<' is constantly r<'^^«^r/z/^</ since in impinging 
against successive water tubes effete combinations are broken up and new 
ones formed; ocular demonstration of these facts is daih' possible. 

Finallv, it is possible to concentrate more power in a single water tube 
boiler than in any of the fire tube types. Therefore considerations of 
safety^ durability^ economy, space and accessibility point to the Water Tube 
•ffeftVeras naturally the basis of a moderti boWet pVaxit. 
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DESCRIPTION OF THE HEINE SAFETY BOILER. 



The boiler is composed of the best lap welded wrought iron tubes, ex- 
tending between and connecting the inside faces of two "water legs" which 
fonn the end connections between these tubes and a combined steam and 
Water drum or * 'shell," placed above and parallel with them. (Boilers over 
^•horse power have two such shells.) These end chambers are of approx- 
imately rectangular shape, drawn in at top to fit the curvature of the shells. 
•ach is composed of a head plate and a tube sheet, flanged all around and 
'Wed at bottom and sides by a butt strap of same material, strongly riv- 
8d to both. The water legs are further stayed by hollow stay bolts of hy- 
tulic tubing, of large diameter, so placed that two stays support each tube 
' Ixand hole and are subjected to only very slight strain. Being made 
ictavy metal they form the strongest parts of the boiler and its natural 
E>orts. The water legs are joined to the shell by flanged and riveted 
'-^ and the drum is cut away at these two points to make connection 
•- inside of water leg, the opening thus made being strengthened by 
^^es and special stays, so as to preserve the original strength. 
ir*HE SHELLS are cylinders with heads dished to form parts of a true sphere. 
- sphere is every where as strong as the circle seam of the cylinder which 
^«ell known to be twice as strong as its side seam. Therefore these 
<3s require no stays. Both the cylinder and its spherical heads are 
^'etore/ree to follow their natural lines of expansion when put under pres- 
^. Where flat heads have to be braced to the sides of the shell, both 
f«r local distortions where the feet of the braces are riveted to them, mak- 
k the calculations of their strength fallacious. This we avoid entirely 

the dished heads. To the bottom of the front head a flange is riveted in- 
which the feed pipe is screwed. This pipe is shown in the cut with an- 
f valve and check valve attached. 

On top of shell near the front end is riveted a steam nozzle or saddle, to 
hich is bolted a Tee. This Tee carries the steam valve on its branch, 
hich is made to look either to front, rear, right or left; on its top the 
ttfety Valve is placed. The saddle has an area equal to that of Stop 
alve and Safety Valve combined. The rear head carries a blow-off flange 
\ about same size as the feed flange, and a Manhead curved to fit the head, 
le manhole supported by a strengthening ring outside. On each side 
: the shell a square bar, the tile-bar, rests loosely in flat hooks riveted to 
le shell. This bar supports the side tiles whose other ends rest on the side 
alls, thus closing in the furnace or flue on top. The top of the tile bar is 
ro inches below low water line. The bars rise from front to rear at the 
te of one inch in twelve. When the boiler is set, they must be exactly level, 
le whole boiler being then on an incline, i. e., with a fall of one inch 
, twelve from front to rear. 

It will be noted that this makes the height of the steam space in front 
>out two-thirds the diameter of the shell, while at the rear the water occu- 
es two-thirds of the shell, the whole contents of the drum being equally 
vided between steam and water. The importance of this will be explain- 
1 hereafter. 

The tubes extend through the tube sheets into which they are expand- 
1 with roller expanders; opposite the end of each au^i m vVv^Vfe^^'^VaXe.s 
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h placed a hand hole of slightly larger diameter than the tube and through 
which it can be withdrawn. These hand holes are closed by small cast iron 
k*»d hole plates f which by an ingenious device for locking can be removed in 
a few seconds to inspect or clean a tube. The cut opposite shows these 
hand hole plates marked H. In the upper corner one is shown in detail, 
Hs being the top view. Ha the side view of the plate itself, the shoulder 
showing the place for the gasket. Hi is the yoke or crab placed outside to 
inpport the bolt and nut. 

Inside of the shell is located the mud drum D, placed well below the water 
line usually paralled to and three inches above the bottom of the shell. It is 
Aus completely immersed in the hottest water in the boiler. It is of oval section 
^Ijghtly smaller than the manhole, made of strong sheet iron with cast 
''OQ heads. It is entirely enclosed except about eighteen inches of its iip- 
P*r portion at the forward end, which is cut away nearly parallel to the 
^ater line. Its action will be explained below. The feed pipe F enters it 
through a loose joint in front; the blow-off pipe N is screwed tightly into its 
ccar head, and passes by a steam tight joint through the rear head of the 
shell. Just under the steam nozzle is placed a dry pan or dry pipe A. A de- 
fiection plate L extends from the front head of the shell inclined upwards, to 
Some distance beyond the mouth or throat of the front water leg. It will 
be noted that the throat of each water leg is large enough to be the practi- 
cal equivalent of the total tube area, and that just where it joins the shell it 
increases gradually in width by double the radius of the flange. 

ERECTION AND WALLING IN. 

In setting the boiler we place its front water leg firmly on a set of strong 
cast iron columns, bolted and braced together by the door frames, dead- 
plate, etc., and forming the fire front. This is the fixed end. The rear 
water leg rests on rollers which are free to move on cast iron plates firmly set 
in the masonry of the low and solid rear wall. Wherever the brickwork 
closes in to the boiler broad joints are left which are filled in with tow or 
waste saturated with fireclay, or other refractory but pliable material. 
Thus the boiler and its walls are each free to tno7'e separately during expan- 
sion or contraction, without loosening any joints in the masonry. On the 
lower, and between the upper tubes, are placed light fire brick tiles. The 
lower tier extends from the front water leg to within a few feet of the rear 
one, leaving there an upward passage across the rear ends of the tubes for 
the flame, etc. The upper tier closes in to the rear water leg and extends 
forward to within a few feet of the front one, thus leaving the opening for 
the gases in front. The side tiles extend from side walls to tile bars and 
close up to the front water leg and front wall, and leave open the final up- 
take for the waste gases over the back part of the shell, which is here cov- 
ered above water line with a row lock of firebrick resting on the tile bars. 
The rear wall of the setting and one parallel to it arched over the shell a 
few feet forward form the uptakes. On these and the rear portion of the 
side walls is placed a light sheet-iron hood, from which the breeching leads 
to the chimney. When an iron stack is used this hood is stiffened by L 
and T irons so that it becomes a truss carrying the icrijrht of such stack and 
distributing it to the side walls. A good example of this latter style cf 
braced hood is seen in the half tone cut of the People s Kailway Co., on 
page where the four side walls of the three 200 horse-power boilers thus 
cany the heavy stack. In the Caiiral DisHHcry Plants ("s,^t\\;!\V\ft\\^«i.v&. 
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fc»i page three of the 800 horse- power boilers are thus equipped, while 

lie fourth boiler, put in later, carries its stack in the same way. In the 
ZJnioK Depot Ry, Plants 1750 horse-power (see half tone cut on page 169), 
Jhe hood is dispensed with and a long breeching, circle top, flat bottom, 
tuns over all the boilers, its width spanning the distance between uptake 
iralls ; over each boiler is placed a stout cast iron frame, bolted to the 
)m of the breeching and containing a swinging damper. The Anheuser. 
rh Plants 2400 horse-power (see half tone cut on page 167 has a circular 
flue supported on I beams just over the rear aisle, into which short 
necks from the hoods open from the side ; each neck contains a swinging 
damper. We are often obliged by local circumstances to cany the breeching 
out forward or midway of the boiler to one side. There is no difficulty of 
adapting our flue connections to such conditions. Swinging dampers are 
always to "^preferred: sliding dampers are apt to stick, and always require 
considerable force to move them. The cut on page 1 39 shows the style of setting 
generally used by us. With moderate firing and dry coals, it will practically 
prevent smoke. With highly bituminous coals and somewhat pushing the 
fires some smoke will result. The bridge wall is hollow and has small slotted 
openings in rear to deliver hot air into the half consumed gases which roll 
over the bridge wall into the combustion chamber. It receives its air from 
channels in the hollow side walls (controlled by small cast iron slides), 
through a cross flue at the rear end and a number of small flues under the 
floor of the combustion chamber, as shown in the cut. In the rear wall of 
the combustion chamber is an arched opening, closed by a cast iron door, 
which in turn is shielded by a dry firebrick wall easily removable. For 
special fuels, for smoke prevention, etc., there are now to be had various 
forms of furnaces, automatic stokers, rocking grate-bars, etc. Heine 
boilers have been set and operated successfully with these various devices. 
They are not all equally applicable in all localities nor adapted to the same 
conditions. As a rule we find that our customers or their engineers under- 
stand their local fuels and local conditions best, and we are always glad to 
adapt our setting to such of these devices as they may select. 

OPERATION. 

The boiler being filled to middle water line, the fire is started on the 
grate. The flame and gases pass over the bridge wall and under the lower 
tier of tiling, findmg in the ample combustion chamber, space, temperature 
and air supply for complete combustion, before bringing the heat in contact 
with the main body of the tubes. Then, when at its best, it rises through 
the spaces between the rear ends of the tubes, between rear waterleg and 
back end of tiling, and is allowed to expend itself on the entire tube heating 
surface without meeting any obstruction. Ample space makes leisurely pro- 
gress for the flames, which meet in turn all the tubes, lap round them and 
finally reach the second uptake at the forward end of the top tier of tiling 
with their temperature reduced tc less than J>00° Fahrenheit. This 
has been measured here, while wrought iron would melt just above the lower 
tubes at rear end, showing a reduction of temperature of over 1,800° 
Fahrenheit between the two points. As this space is studded with water 
tubes swept clean by a positive and rapid circulation, the absorption of 
this great amount of heat is explained. The gases next travel under the 
bottom and sides of the shell and reach the uptake al \u^\. <!\^e. ^\cv^t\ v^vcv.- 
perature to produce the draft required. This vanea ol cowisfc^-ccox^vcv^N! 
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imney, fuel, duty required, etc. With boilers running at their rated 

pacity 4.50' Fahrenheit are seldom exceeded. Meanwhile as soon 

the heat strikes the tubes the circulation of the water begins. The water 

earest the surface of the tubes becoming warmer rises, and as the tubes 

higher in front this water flows towards the front water leg where it 

vises into the shell, while colder water from the shell falls down the rear 

irater leg to replace that flowing forward and upward through the tubes. 

This circulation, at first slow, increases in speed as soon as steam begins 
to form. Then the speed with which the mingled current of steam and 
water rises in the forward water leg will depend on the difference in weight 
of this mixture, and the solid and slightly colder water falling down the 
rear water leg.' ■ The cause of its motion is exactly the same as that which 
produces diraft in a chimney as explained in the discussion of *^A Modern 
Boiler Plant y* page 179. The maximum velocity will be reached when the 
mixture is about half steam and half water. As the area of the throat of 
the water leg t& practically equiz'alent to the aggregate tube area (offsetting the 
greater amount of skin friction in the tubes against the reduced area of the 
throat), there will be nothing to interfere with \\i^free action of gravity and 
ike full speed will be maintained as long as steam is being made. This circu- 
lation must be well borne in mind. It is forward through the tubes, upward 
through the front water leg, to the rear in the shell, and down through the 
rear water leg. At the forward throat of the shell the channel slightly en- 
larges by reason of two outward flanges of the water leg. This greatly 
facilitates the liberation of the steam, and is the best form of orifice. (Bate- 
man's experiments, Proc. Inst. Mech. Eng'rs, 18(!(), gives this form of orifice 
95 per cent of theoretical capacity.) The deflection plate L assists in 
directing the circulation of the water to the rear. Thus the steam bubbles 
obtain a trend towards the rear, throwing the spray in a direction away 
from the flow of steam. It also has the effect of increasing the liberating 
surface. For each section of this moving surface of water, as it is deliver- 
ing its load of steam, sweeps rapidly to the rear, making room for the next 
section, thus constantly presenting a fresh surface for this work. 

The shallowness of the water at the front of the shell makes it easier 
for the steam to pass through; its depth at the rear ensures a solid body of 
water for replenishing the rear water leg and tubes. The height of the 
steam space in front removes the nozzle far out of reach of any spray; the 
deflection plate catches and deflects any sudden spurt, while finally the dry 
pan or dry pipe draws the steam from a large area, from three sides, thus 
fret>enting any local disturbance. These appliances make it possible to run 
the Heine Boiler iiO per cent above rating with less than one-fifth of one per 
cent entrainment. 

The action of the mud drum is as follows: The feed water enters it 
through the pipe F about one-half inch above its bottom; even if it has 
previously passed the best heaters it is colder than the water in the boiler. 
Hence it drops to the bottom, and, impelled by the pump or injector, 
passes at a greatly reduced speed to the rear of the mud drum. As it is 
gradually heated to near boiler temperature it rises and flows slowly in re- 
verse direction to the open front of the nuid drum; here it passes over in a 
thin shee/ and is immediately swept backward iulo l\\e \\\?)\w Vvo*^.^' q\. ^-^Xsix 
by the swift circulation, thus becoming thi>rou:;hl\ mixfd \\\\\\ \\. \»Ac>\^\"v. 
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reaches the tubes. During this process the mud, lime salts and other pre- 
cipitates are deposited as a sort of semi-fluid "sludge" near the rear endd 
the mud drum, whence it is blown off at frequent intervals through the 
blow-off valve N. As the speed in the mud drum is only about one-fiftieth 
of that in the feed water pipe, plenty of time is given for this action. Any 
precipitates which may escape the mud drum at first, will of course form a 
scale on the inside of the tubes, etc. But the action of expansion and 
contraction cracks off scale on the inside oi a tube mucA faster than on the 
outside, and then the circulation sweeps the small chips, like broken egg- 
shells, upward, and as they pass over the mouth of the mud drum they drop 
in the eddy, lose velocity in this slow current and fall to the bottom, and, 
being pushed by the feed current to the rear end, are blown off from the 
mud drum with other refuse. On opening a Heine boiler after some months 
service, such bits of scale, whose shape identifies them, are always found 
in the mud of the mud drum. Very Utile loose scale is found on the 
bottom of the water legs; the current through the lower tubes, always the 
swiftest, brushes too near the bottom to allow much to lodge there. 

This explanation of the action of the mud drum shows how the 
inside of the tubes may be kept clean. To keep the outside clear of soot and 
ashes which deposit on, and sometimes even bake fast to the tubes, each 
boiler is provided with two special nozzles with both side and front outlets, 
a short one for the rear, a long one for the front. They are of three-eighth 
inch gas pipe and each is supplied with steam by a one-half inch steam hose. 
The nozzle is passed through each stay bolt in turn, and thus delivers its side 
jcti on the three or four tubes adjacent, with the full force of the steam, at 
the short range of two inches, knocking the soot and ashes off completely, 
while the end jet carries them into the main draft current to lodge at points 
in bret'chinp or chimney base convenient for their ultimate removal. An 
inspection of the cuts will show that the stay bolts are so located that the 
nozzle can in turn be brought to bear on all sides of the tubes. As soon as 
the nozzle is withdrawn from the stay bolt, this is closed air-tight by a plain 
wooden plug. 

In cleaning a boiler it is only necessary to remove every fourth or fifth 
handholc plate in the front water leg ; the water hose, supplied with a short 
no/./Ie. can be entered in all the adjacent tubes, owing to the ample dimen- 
sions of the water leg. In the rear water leg only one or two handholes in 
the lower row need be opened to let the water and debris escape. The 
others in rear water leg are frecjucntly left untouched for years. A lamp 
or candle hung on a wire through the manhead may be held opposite each 
tube so that it can be perfectly inspected from the front. Once or twice a 
year, w here the zcc/cr is very scale bearing, it may be advisable to take off 
all the handhole phites of the front water leg and pass a scraper through all 
the tubes in succession. Aside from the plain cylinder boiler there is no 
boiler so completely accessible for internal and external inspection as the 
Heine. The ashes which deposit in the combustion chamber are removed 
through the ashpit door in the rear wall, never allowing it to become more 
than one-third full. 

We furnish with each boiler a set of '• Rules for operation " in a neat 
frame, adapted to be hung up in the boiler room. 



SUPERIORITY OF THE HEINE SAFETY BOILER. 

In the discussion of A Modern Steam Plant we have pointed out the 
>ur principal offices of a good boiler, and have explained why water 
ibe boilers best fulfill the conditions of the problem. Without denying 
le merits of other systems of construction, we claim that the Heine boiler 
tands at the very head and front in the good qualities essential to complete 
erformance. 

1st. It bestabsorbs and transmits heat; hence economy and capacity. 

2d. It will hold hi§rh pressures with g^reatest safety. 

3d. It best separates the Steam from the Water, ensuring Dryness. 

4th. It is best adapted to precipitate and discharge scale and mud. 

We ask a fair and critical examination of our description of the Heine 
k>iler, to which we shall refer in elucidating the above points. 

ABSORPTION AND TRANSMISSION OF HEAT. 

This, the most important work of the boiler, determines its economy 
\nd. capacity, and must be discussed in connection with the furnace and 
he draft. For it is not sufficient to so construct the boiler that it will 
>est absorb and transmit the heat, but it must also be so arranged that the 
leat can best reach it, and that nothing in its design will interfere with the 
)est plan of furnace construction, nor increase unnecessarily the demands 
m the chimney. 

For absorbing and transmitting heat nothing can be better than a nest 
»£ tubes placed entirely in the flue, which the hot products of combustion 
nust traverse on their way from combustion chamber to chimney, especi- 
Jly when free and unimpeded circulation of the water is provided for. 
At. Babcock, in his interesting lecture on water circulation (Cornell Uni- 
versity, 1890), has shown with great clearness that it depends, not as some 
lave supposed, on the amount of inclination of the tubes, but "is a fkinc- 
lonofthe difference in density of the two eolumn.s,** the one of mingled 
team and water, the other of solid water. The simple mode of calculation 
le suggests for finding the velocity of circulation givrs us about twelve to 
tighteen feet as the average natural speeds for that i^ineral class of water 
ube boilers of which the Heine is a type. The cause of the circulation 
ince understood, it is clear that any sharp turns or contractions which offer 
esistance to the flow will retard it in two ways. First, by altering the 
■onditions of equilibrium on which the speed depends. Second, since a 
iver can not rise higher than its source, the speed lost by such an obstacle 
auinot be regained; the loss in speed at this point will therefore be mul- 
Ifrtledy at other points having larger areas, by the ratio those areas bear 
o this contracted one. In most boilers oi t\\\sc\ass \.Y\exe ax^\ifeV«^e.xv x^cv^ 
ibes and the drum several points where the cou\.etvX.% ol ^eNexv, \\v^«i <^^^ 
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even twelve tubes have to pass through an opening equal to one tube aiea. 
Every such place first disturbs the conditions on which the speed depends 
b\' absorbing some of the existing; "head" (or difference in weight). Sec- 
ond, the maximum speed depending on the head can exist only at the least 
such opening, and hence in the nest of tubes tbe eiroiilation will be ie> 
<liie4Ml to oiu'-seveiitli, (»ne iiiutli, <»r oiie-twelftb of* the natural speed. 
In lleiiK' Ii«il<'rM there are no >uch contractions of area, even the smallest 
throat anas beini; •?.') to JH) per cent of the aggregate tube area. 

The II«*liu' |{(»iler iriiiiiN another ad van taf^ from this fact. The water 
in the upper tubes haviii}^ less "head.*' begins with less speed than that in 
the lower tier; the heating surface of the upper tubes will then be somewhat 
less active than tliat of the lower tubes. Since they get the first heat, 
more steam will be made in the lower tubes, further increasing the original 
ditference in velocity. The combined effect is that the circulation throuf^ 
the lowt-r tubes is much faster than through the upper ones. The obstrnc- 
tions before noted will multiply this difference, since only the more rapid 
current will there make its way at the expense of the sluggish one. Thus 
the effectiveness of the upper tubes is largely curtailed. The fhill thioat 
area of the Heine Boiler, on the other hand, leaves room for all the cur- 
rents, hence the llill cilioieney of the upper tubes is preserved. 

In the older types of this class of water tube boilers the tubes only an 
inclined, and therefore the rtrturn circulation in the rear has to pass through 
small tuln-s scv<TaI feet in length, nearly vertical. The escaping gases 
pass arnuiul them, tending to create an upward circulation along the sur- 
face, which must somewhat check the downward flow. Everybody daily 
observes that wat«*r invariably "swirl.s" when it escapes through a small 
rouiul hole or a tube from a wash bowl, bath tub or barrel. We all know 
how vexatious is the delay caused by it. This action, being independent 
of the surrounding pressure, takes place in the short tubes just mentioned, 
and retards the tlow. 

In ihf Heint' boiler tills Lsdone away with* The water at the rear end 
of the sluil is about a foot <leoper than in front, the openings are large and 
rcctanj:ular. and the d<i\vn\vard How is through a rectangular chamber 
equal in seetioii to tbe af;prr<>f;a1e tube area. Swirling is impossible and 
the tubes arc fully supplied with solid water under all eircuuistaui'es. 

The i'ireulatlon of tbe water is tbe life of all water tube boilers. 
Cradvlock's experiments shinv liow its spec<l multiplies the effectiveness 
of heating surface. Details of construction which reduce it to less than 
one ntth its natural velocity are therefore faulty, especially when this re- 
dui ed speed is found in the tubes. The Heine Boiler carefully avoids any 
such ol<>trM( tions and the natural spec<l of circulation is maintained 
tlirou^fboiit. 

Therefore the etleetlveiiess ol" its beatingr surface for the absorption 
and transmission of Inat is inm-b jrreater than that of other boilers. 

All fuels r( ipiire Tuuch air. great heat, space for expansion, and time 
for their toniplett; (omluistion. .-Xn arched chamber, composed entirelyof 
fire brick, would be the ideal I'uniaee, in which combustion should be 
completitd without meeting any cooling surface, the products when at their 
greatest temperature to be launched into and amongst the heating surfaces 
0/ the 1 toiler. The nearer a iuruace catv \>e twai^e \.o a.'p^xoiaLOix ^.>^t?lR «itidi- 
f'on.s tbr better will bo its work. TY\e oX-Vvet exUem^i \s X\v^ vaXRxwa».^ "sas^ 



boiler, whose periormamce on bituminous coais is very inferior in spits ot 
its smaller loss by radiation. Between them lie the return tubular boilers, 
and those water tube boilers whose furnaces are separated from their com- 
bustion chambers by the first pass of the nest of tubes. The heating «ir> 
fteces of a boiler are such for the water only; in reference to the flame 
they are cooling surikces. Brought in contact with the gases at the be 
ginning of combustion they lower their temperature below the requireo 
point. This results in the direct lows of much of the heating power of 
the volatile part of the fuel which escapes unburnt, and in the indirect loss 
due to impairment of the conductivity of the heating surface owing to de- 
posit of much soot. As the first third of the heating surface thus encoun- 
tered absorbs l>etween 60 and 70 per cent of the heat (Graham's experi- 
ments, 18oH~). it is useless to expect secondary combustion of any practical 
value in a combustion chamber placed beyond it, with no means of restor- 
inir the lost temperature. This method of construction probably grew out 
of the pretty widespread belief that heating surface placed at right angles 
to the course of the flame was much more effective than in any other tela- 
tive position. Even if this were true the old adage, "always c;)tch your 
hare before you cook him," should induce prudent men not to allow its 
application to vitiate their furnace construction. It is probably true only 
for radiant heat; no experiments are adduced to prove it true for currents 
of hot gas; there it is plainly a case of "faith without works." On the 
other hand German experiments (Stuehlen Ing. Kal., 1892) show tube 
heating surface parallel to the current 30 per cent more etteetlve than 
when placed at right angles. The Heine boiler setting approximates the 
ideal furnace. Fire place and combustion chamber are of fire brick, except 
that niinininm of tube surface required to support the fire brick roof, ex- 
perience having shown that arches are too short-lived where the soda 
of the ashes under hi^ili temperatures fluxes the fire brick. The radiation 
from side walls and iloor is arrested and utilized to pre-heat the small 
amount of air thrown into the gases at the bridge wall. Having passed 
the combustion chamber, flame and gases are thrown in contact with the 
whole of the tube heating: surface, which they envelope and strike at ail 
angles, the main trend being parallel to the tubes. Obser\'ation shows 
that they roll around, mix, break up, combine, et^., according to natural 
laws, and following many causes, to the apparent neglect of some single one 
the professor may lay down in the lecture room, or the draftsman prescribe 
by the conventit)nal arrow. In the Heine boiler and furnace we arrange 
for space, time, air and heat for the best combustion, then open out into 
an ample flue, containing all the tubes, and like the Brooklyn alderman 
with the gondolas, "leave the rest to nature '* The small tiles on the 
upper an<l lower tier of tubes make a<IJUMtnients of flue areas, to suit local 
and possibly chan<iing requirements, po8.sible at all times. The trend of 
the gases is the natural one, rising gradually towards the stack. We thus 
avoid that lo.s.s in chimney power incident to pulling hot gases downwards 
against their bent. 

Having shown that with the most free circulation of the water, we con- 
bine the best furnace arrangement, the natural circulation of the hot gases, 
the equal exposure of the total heating surface to them, and the least de- 
mands on the chimney, we have expVa.med'wlK^ >i>cve'A^\Tifc^Q^«tx^x^^«a*\ 
in economy and capacity. Our many cusVomeT%V\\\ %\a^Vj ^x.Xfe^x.^^x^^x^X's. 



*he facilities for observing and cleaning the heating surfaces through 
lollow staybolts have been fully explained in the description of the 
iv. The effect of this on the economy and capacity must be here 
d. As human naiure goes, the fireman will not begin to clean the 
ing surfaces until he has to. In the Heine boiler, as he blows through 

staybolt in turn, the cleaned section and increased draft reward him 
nee by a rise in tbe steam pressure while cleaningr. Under the old 

of cleaning through side doors in the walls, cold air rushes in, and 
;>ressure drops while cleaning, and does not rise again until the work 
»mpleted and the doors again closed. Furthermore, the absence of 
e doors in the side walls of the Heine boiler makes them less liable to 
k and leak. 

SAFETY AT HIGH PRESSURES. 
This depends on the qualities of the materials, the workmanship, the 
>er arrangement of the parts, avoidance of unequal expansion and con 
tion, and accessibility for inspection, cleaning and repairs. 
Ve use no cast iron in any parts subject to tensile stress. In this we 
w the rule laid down by the AMERICAN BOILER MANUFACT- 
SR'S ASSOCIATION (Proceedings 1889): 

.T IRON— Should be of soft, gri^y texture and high degree of tluctil- 
itj'. To be used only for hand-hole plates, crabs, yokes, etc. , 
and manheads. It is a dangerous metal to be used in mud 
drums, legs, necks, headers, manhole rings, or any part of a 
boiler subject to tensile strains; its use should be prohib- 
ited for such parts." 
*'or shells, water legs and drums we use a first-class flange steel made 
IS and inspected before it leaves the steel works under the following: 

XIFICATIONS FOR BOILER PLATES FOR HEINE SAFETY 

BOILERS. 

lELta— Homogreneous Steel made by the OPEN HEARTH process, 
and having the following qualities: 

rSIL£ STRENGTH.— 55,000 to ()2,000 lbs. per square inch. 

LSTIC LIMIT.— Not under 32,000 lbs. per square inch. 

)NGATION.— 20 per cent for plates A inch thick or less, 22 >^ percent 
for plates over ft inch and under fi inch thick, 25 per cent 
for plates ^ inch thick and over. 

IT SECTION.— To be 8 inches long, planed or milled edges; its crosL 
sectional area shall not be less than one-half of one square 
inch, nor shall its width ever be less than the thickness of the 
plate. Every third test piece to be of the shape and dimen- 
sions prescribed by the rules of the United States Board of 
Supervising Inspectors of Steamboats. 

!n>ING TEST.— Steel up to }4 inch thickness must stand hot and cold 
bending double, and being hammered down on itself; above 
that thickness, it must bend round a mandrel of diameter one 
and one-half times the thickness of plate down to 180° . All 
without showing signs of distress. 

KED SAMPLE.— When a sample is broken, after being nicked, the 
appearance of laminations or cold shuts, shall cause the re- 
jection of the plates represented by iVve s^m\\fe. 
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AUj tests.— To be made at the steel mill by the inspectors of the Robert 
W. Hunt & Co. Bureau of Inspection and Tests. 

CHEMICAL. TESTS— Will be required, and if they show more than 0.04 
per cent Phosphorus, or more than 0.03 per cent Sulphur, the 
plates will be rejected. 

This is the same as the standard adopted by the America! Boiler Man- 
ufacturers' Association, except that we have increased the requirements 
for elotigation somewhat; we have further added the tests on the section 
used by the United States Board of Supervising Inspectors, to meet the 
requirements of cities prescribing the "Marine" tests. It is well known 
that the same steel will show higher t. s. on the "Marine" section than on 
the 8 inch section, but the latter is best for showing the elongation. 

The tubes are the standard American wrought iron boiler tubes, all 
tested by hydrostatic pressure at the tube mills. They are intended to be 
the weakest parts of the structure. As already explained, a tube giving 
way from internal pressure suffers a local rupture merely; the boiler will 
require several minutes to empty itself through a tube, resulting in a 
gradual though rapid decrease of pressure, an extinguishing of the fire, and 
no explosion. 

The staybolts are made of best butt-welded hydraulic tubing. The 
threads on them are therefore cut into solid metal all around, which 
would be doubtful were lap-welded or built up tubing used. They are so 
proportioned that in testing to rupture they part in the solid metal but 
do not strip the thread. The ends are carefully peaned over. 

The rivets are according to American Boiler Manufacturer's Association 
standard, which we quote: 

"RIVETS to be made of good charcoal iron, or of a very soft, mild steel 
running between 50,000 and 00,000 pounds tensile strength 
and showing an elongation of not less than 30 per cent in 
eight inches, and having the same chemical composition as 
specified for plates." 

In all the processes of manufacture v.'c follow the best boiler shop prac- 
tice of the United States as laid down by the American Boiler Manufactur- 
ers' Association, as for instance in the rule for flanging: 
** FLANGING to be done at not less than a good, red heat. Not a single 
blow to be given after the plate is cooled down to less than 
cherry red by daylight. After flanging, all plates should be 
annealed by uniform cooling from an even dull red heat for 
the whole sheet in the open air." 

Having built up our boiler of the very best materials, and by the best 
methods of workmanship, we erect it in such a way that there can be no 
unequal expansion strains. 

The entirely free and unchecked circulation of water and fire has been 
fully explained; this equalizes temperatures not only when in full opera- 
tion, but as soon as the fire is lit. This can be verified by feeling the ends 
of shell and water legs when starting fires. Besides this there is another 
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lalizing tendency. The shell will stretch more than the tubes f)roin 

3 intemid pressure; the lower tubes receiving greater heat, will expand 

>re Arom this cause. The two tendencies counterbalance beautifully, as 

n be verified by delicate measurements on any Heine boiler while cold 

id w^hile hot and under heavy pressure. 

Our method of supporting the boiler on the water legs, the front one 
n a fixed support, the rear one on rollers, gives freedom for expansion 
without undue stress on any part. The weight of the boiler iilled with 
nrater is thus carried on its strongest parts. Most sectional boilers can 
not be thus supported, having in place of the water legs, loose, many- 
jointed constructions incapable of supporting any extra weight. 

It is evident that ours is a much better way to support a boiler than to 
hang it from a gallon, s frame by bolts or links. For these concentrate 
strains equal to the whole weight of boiler and water on two points of the 
shell, thus disturbing that equilibrium of stress obtained by giving it the 
cylindrical form. Another signal advantage of the Heine boiler is that it 
is completed and thoroughly tested in the boiler shop before shipment. 

Our style of setting, with horizontal travel of the gases, has two further 
advantages over the up and down method. 

1st. The cold air which rushes into the furnace when the doors are 
opened for firing is drawn to the rear, away fk*oni the tube joints, in place 
of up and among them. 

2nd. The hot gases do not reach the shell until after passing the 
entire tube heating surface, being then no longer hot enough to injure a 
rivet joint; in the up and down type they make tlieir first turn under a 
rivet Joint of the shell, after traversing only a third of the tube surface, 
and in what is considered a combustion chamber hot enough to regenerate 
the flame. Hence our shells are safer! 

In all water tube boilers access must be had to each tube throuf;h some 
form of hand hole plate. Some have each group of two, three or more 
tubes controlled by a hand hole plate, some each single tube. Of course 
the larger each such plate the more danger of cracks, leakage of joints, 
etc. Elsewhere we have explained why only a few hand hole plates of 
each set have to be removed for washing out a Heine boiler. But besides 
this our hand hole plates are much safer than others in general use. A 
typical form for sectional boilers is shown below. T T are the ends of tlie 





b 

b 
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tubes and the joints are made outaide as at J. J. on the cap C. On the 
inside is merely a yoke Y to hold up the bolt B. This of course necessi- 
tates another joint j under the nut. These joints have to be made tight 
wbile the boiler Is cold; this requires a nice exercise of judgment, since 
strain enough must be put on the bolt both to counterbalance the internal 
pressure of the boiler when steam is raised, and enough more to keep the 
joint tight then. In other words, the stretch of the bolt has to be antici- 
pated and more strain added. And this double strain is always on the 
bolt whether the boiler is under steam or idle. It will not do to tighten 
up on the bolt when the boiler is under steam. For leakage around the 
threads will soon fill the hollow cap of the nut, which at any additional 
turn of the nut will crack it open by hydrostatic pressure. If we have a 
hand hole of 4}4 inches diameter we have an area of 15.9 square inches to 
cover. At 125 pounds steam pressure we have 1,987 pounds pressure 
under the cap and about 150 pounds more under the nut to counteract be- 
fore any strain becomes available to make the joints tight. It has often 
happened that a cracked nut has caused a cap to blow off, scalding the at- 
tendants. 



1 




With the Heine boiler the case is reversed; the single joint at J 
is an inside one, this prcMsure of l,f>87 pounds makes the Joint, so that 

the bolts can be drawn up when under steam, receiving but a trifling strain. 
It is clear that this is the sale plan, while the other is not. We have thus 
shown that in materials, workmanship, general design, settings, and in de- 
tails of construction .he Heine boiler is the safest. 

SEP.-VRATION OF WATER; DRYNESS OF STEAM. 

In describing the functions of a boiler in a modem steam plant we have 
shown to what causes the entrainnient of water is due. The description 
"f the Heine boiler shows how the entirely unchecked circulation tends 
*Way I'roin the steam nozzle. The steam bubbles, lighter than the water, 
pass through it on some diagonal course, a resultant from their own verti- 
cal trend and the backward flow of the water. This throws the spray 
■•Way from the vapor with a momentum about two hundred times that of 
the steam which flows tow^ards the tvozzVe, -wVxXx «\>o>x\. o-o&AnnaLtCcv ^V \3csa 
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speed it attains in thi steam pipe. The function of the dry pipe or drj^ 
paa is well understood. Add this, and the action just described, to the fact 
that the inclination of our shell removes the water line further from the 
steam nozzle than in other boilers, and the reason why our steam is always 
dry becomes clear. An active agency for drying the steam, present at all 
times in the boiler, more vigorous the more the boiler is pushed, ensures 
^ steam always. On forcings tests we have shown steam six times as dry 
*s our competitors. This has a decisive influence on the every day econ- 
omy of a steam plant. 

B^RECIPITATION AND DISCHARGE OF SCALE AND MUD. 

The Heine Boiler was originally developed under the difficult condi- 
t^^^xis of boiler practice in the great Mississippi Valley. The problem was 
'^^^t only the economic utilization of the highly bituminous coals, low in 
^^-Xorific value as they are high in ash and volatile matter, but also the 
'^^king of steam from water strongly impregnated with mineral salts 
*-*^d frequently carrying a brown mixture of the sacred soils of several 
S«"cat States. 

The faults of the old style of mud drum welfrtitre but too apparent. 
* he various ingenious coil devices choked up the faster, the more effective 
^Viey were. The "Spray Feeds" wet the steam in the exact ratio of their 
efficiency in scale precipitation. The Heine mud drum, holding the in- 
coming feed water suspended for a time in an almost quiescent state, while 
subject to the external contact of a rapid current of the hottest water in 
the boiler, fUmishes time, checked velocity and heat to induce precipi- 
tation. The necessity of a high temperature to make the mineral salts in- 
soluble has been before explained. Evidence of it is found in every boiler. 
It is well known that any reduction in velocity favors the dropping of 
sediment. Instead of checking the speed of circulation in the tubes 
where the precipitates do harm, the Heine boiler provides this mud drum 
where no fire can get at them to bake them into scale, but where they can 
be collected and blown off at such intervals as their amount prescribes. 

The fact that we have successfully replaced two-flue boilers in local- 
ities where return tubulars were tabooed on account of bad water proves 
tne practical efficiency of our free circulation and submerged mud drum. 
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Table No. 73. 

?ters and Circumferences of Circles, and the Contents 
in Gallons at One Foot in Depth. 



ER. i 


CiRCUM. 1 


Area 


Gallons. 
IFi. 


Diameter. 


CiRCUM. 


Area 


Gallons. 
1 Ft. 






1 


in sq. 










in feet. 




... ; 


Ft. , 


In. 


feet. 


Depth. 


Ft. 


In. 


Ft. 


In. 




Depth. 


1 


12 


6^4" 


12.56 


93.97 


13 


6 


42 


4% 


143 13 


1070.46 


1 


12 


9>i 


13.09 


97.93 


13 


9 


43 


2H 


148.48 


1108.06 


2 


13 


1 


13.63 


101.97 ; 














3 


13 


^H 


14.18 


103.03 : 


14 




43 


n^ 


153.93 


1151.21 


4 


13 


10)1 


14.74 


110.29 1 


14 


3 


44 


9>i 


159.48 


1192.69 


6 


13 


15.32 


114.57 1 


14 


6 


45 


6% 


165.13 


1234.91 


6 


14 


iH 


15.90 


118.93 


14 


9 


46 


4 


170.87 


1277.86 


7 


14 


4H 


16.49 


123.38 














8 


14 


m 


17.10 


127.91 ; 


15 




47 


IH 


176.71 


1321.64 


9 


14 


11 


17.72 


132.52 1 


15 


3 


47 


10% 


182.65 


1366.96 


10 


15 


2H 


18.34 


137.21 


15 


6 


48 


8)i 


188.69 


1407.51 


11 


16 


b^ 


18.98 


142.05 


15 


9 


49 


6% 


194.82 


1457.00 




15 


8,S 


19.63 


146.83 


16 




50 


^H 


201.06 


1603.62 


1 


15 


11. ^H 


20.29 


151.77 


16 


3 


51 


o>^ 


207.39 


1650.97 


'i 


16 


2% 


20.96 


156.78 


16 


6 


51 


10 


213.82 


1599.05 


3 


16 


6% 


21.64 


161.88 


16 


9 


52 


m 


220.35 


1647.8* 


4 


16 


9 


22.34 


167.06 














6 


17 


0),' 


23.04 


172.33 


17 




53 


4% 


226.98 


1697.45 


6 


17 


3>4 


23.75 


177.67 


17 


3 


54 


2^ 


233.70 


1747.74 


7 


17 


6?1 


24.48 


183.09 


17 


6 


54 


11% 


240.62 


1798.76 


8 


17 


9% 


25.21 


188.60 


17 


9 


55 


9>* 


247.45 


1850.63 


V 


18 


oii 


25.i)6 


194.19 














10 


18 


33^,' 


26.72 


199.86 


18 




56 


6K 


264.46 


1903.02 


11 


18 


7.^8 


27.49 


205.61 


18 


3 


57 


4 


261.68 


1956.25 












18 


6 


58 


1% 


268.80 


2010.21 




18 


10^8 


28.27 


211.44 


18 


9 


58 


m^ 


276.11 


2064.91 


3 


19 


7), 


30.67 


229.43 














6 


20 


^% 


33.18 


248.15 


19 




59 


^H 

5H 


283.52 


2120.34 


9 


21 


Vz 


35.78 


267.b. 


19 


3 


60 


291.03 


2176.51 










1 


19 


6 


61 


SH 


298.64 


2233.29 




21 


llJs 


38.48 


' 287.80 


19 


9 


62 


o>i 


306.35 


2291.04 


3 


22 


9>4 


41.2a 


308.72 1 














6 


23 


6^4 


44.17 


:«0.38 


; 20 




62 


9Ji 


314.10 


2349.41 


9 


24 


4>B 


47.17 


352.76 


20 


3 


63 


7h 


322.06 


2408.51 












20 


6 


64 


^h 


3:i0.0() 


24(58.35 




25 


1>« 


50.26 


375.90 


20 


9 


6.5 


2>4 


338.16 


2528.92 


3 


25 


11 


53.45 


35>9.76 














6 


26 


m 


56.74 


424.36 


21 




65 


11^^ 


346.36 


2590.22 


9 


27 


6^ 


60.13 


449.21 


1 21 


3 


66 


9 


354.65 


2652.25 












1 21 


6 


67 


6\i 


363.05 


2715.04 




28 


3>4 


63.61 


475.75 


! 21 


9 


68 


3J8 


371.54 


2778.54 


3 


29 


0?8 


67.20 


502.55 


1 












6 


29 


lOia 


70.83 


630.08 


22 




69 


1% 


380.13 


2842.79 


9 


30 


7/3 


74.66 


558.35 


22 


3 


69 


10^4" 


388.82 


2907.76 












92 


6 


70 


8»^ 


397.60 


2973.48 




31 


5 


78.54 


587.35 


22 


9 


71 


5?8 


406.49 


3039.92 


3 


32 


Vi 


82.51 


017.08 


1 












6 


82 


wh 


86.59 


647.65 


23 




72 


3 


415.47 


3107.10 


9 


33 


9>4 


90.76 


678.27 


23 


3 


73 


0>a 


424.55 


3175.01 












23 


G 


73 


9% 


433.73 


3243.65 




34 


658 


95.03 


710.69 


23 


9 


74 


7>4 


443.01 


3313.04 


3 


35 


438 


99.40 


743.36 














6 


36 


II2 


103.86 


776.77 


! 24 




75 


4^4 


452.39 


3.3a3.15 


9 


36 


10% 


108.43 


810.91 


24 


3 


76 


2)8 


461.86 


3454.00 












24 


6 


76 


n% 


471.43 


:«25.59 




37 


8,'a' 


113.09 


848.18 j 


I 24 


9 


77 


9 


481.10 


3597.90 


3 


38 


5^4 


117.85 


881.39 1 


1 












6 


39 


3)^4 


122.71 


".(17.73 i 


25 




78 


en 


490.87 


3670.95 


9 


40 


0*8 


127.67 


954.81 


25 


3 


79 


s?l 


500.74 


3744.74 












25 


6 


80 


1)4 


510.70 


3819.26 




40 


10 


132.73 


992.62 


25 


9 


80 


10^4' 


520.76 


3894.52 


3 


"i 


7»a 


137.88 


103M7 
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TABLE Na 73. 

Wrought Iron, Steel, Copper and Brass Plates. 

Birmingham Gauge. 



No. of 
Cause. 



0000 

000 

00 



1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2« 
29 
30 
31 
32 
33 
34 
BTi 
.SO 



Thickness. Inches. 



454 or Vi« full 

425 -. 

88 or »H full 

34 or V» full 

3 

284 

269 or '/4 full 

238 

22 - 

203 or ',3 full-- 

18 or'.i« light 

1*> or ',« light 

148 or'.T full 

134 - — 



Iron. 



or 



or 



light- 
light- 



12 

109 

095 

083 

072 - 

065 

058 

049 or Kio light- 

042 

035 

032 

028 

025 orV« 

022 -- - 

02 or'/vi 

018 

016 --- --- 

014 

013 

012 

01 or \'m 

009 - 

008 - 

007 

006 or' ''M> 

004 or ',2.^ 



1.00 Inch thick. 



18.2167 
17.0581 
15.2476 
13.6425 
12.0375 
11.3965 
10.3924 
9.5497 
8.8275 
8.1454 
7.2225 
6.6206 
6.9385 
5.3767 
4.8150 
4.3730 
3.8119 
3.3304 
2.8890 
2.6081 
2.3272 
1.9661 
1.6852 
1.4044 
1.2840 
1.123.5 
1.0031 
0.8827 
0.8025 
0.7222 
0.6420 
0.5017 
0.5216 
0.4815 
0.4012 
0.3011 
0..3210 
0.2809 
0.2006 
0.1605 



Weight Per Square Foot. Lbs. 



41.5696 



Steel. 



18.4696 
17.2805 
16.4608 
13.8244 
12.1980 
11.5474 
10.5309 
9.6771 
8.9462 
8.2540 
7.3188 
6.7089 
6.0177 
6.4484 
4.8792 
4.4319 
3.8627 
8.3748 
2.9275 
2.6429 
2.3583 
1.9923 
1.7077 
1.4231 
1.3011 
1.1385 
1.0165 
0.8945 
0.8132 
0.7S19 
0.6506 
0.5692 
0.5286 
0.4879 
0.4066 
0.3659 
0.3263 
0.2846 
0.2033 
0.1626 



42.1230 



Copper. 

20.5602 
19.2525 
17.2140 
16.4020 
13.6900 
12.8652 
11.7327 
10.7814 
9.9660 
9.1959 
8.1640 
7.4745 
6.7044 
6.0702 
6.4360 
4.9377 
4.3035 
3.7599 
3.2616 
2.9445 
2.6274 
2.2197 
1.9026 
1.5855 
1.4496 
1.2684 
1.1325 
0.9966 
0.9060 
0.8154 
0.7248 
0.6342 
0.5889 
0.5436 
0.4530 
0.4077 
0.3624 
0.3171 
0.2265 
0.1812 



46.9308 



Brass. 



19.4312 
18.1900 
16.2610 
14.5520 
12.8400 
12.1552 
11.0«52 
10.1864 
9.4160 
8.6884 
7.7040 
7.0620 
6.3344 
5.7352 
5.1360 
4.6652 
4.0660 
3.5524 
3.0816 
2.7820 
2.4824 
2.0972 
1.7976 
1.4980 
1.3696 
1.1984 
1.0700 
0.9416 
0.8560 
0.7704 
0.6848 
0.5992 
0.5564 
0.5136 
0.4280 
0.3852 
0.3424 
0.2996 
0.2140 
0.1712 



44.3409 
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TABLE NO. 74. 

Weight of Square and Round Iron. 



Side or 


Welcht. 


Weight, 


1 Side or 

1 DiAM. 


Weight. 


Weight. 


Side or 


Weight, 


WelKht, 


DiAM. 


Sqiuur*. 


RouM. 


Squara. 


Round. 


DiAM. 


Square. 


Round. 


ft 


.013 


.01 


1 2 


13.52 


10.616 


6 


84.48 


66.35 


.068 


.041 


yi 


15.263 


11.988 


H 


93.168 


73.172 


iV 


.118 


.093 


H 


17.112 


13.44 


H 


102.24 


80.301 


>* 


.211 


.165 


H 


19.066 


14.976 


% 


111.756 


87.776 


A 


.475 


.373 


}i 


21.12 


16.688 








h» 


.845 


.663 


H 


23.292 


18.293 


6 


121.664 


95.552 


.*8 


1.32 


1.043 


H 


25.56 


20.076 


X 


132.04 


103.704 


H 


1.901 


1.493 


% 


27.939 


21.944 


H 


142.816 


112.16 


rf 


2.588 


2.032 


3 


30.416 


23.888 


h 


154.012 


120.96 


1 


3.38 


2.664 


H 


35.704 


28,04 


7 


166.632 


130.048 


h 


4.278 


3.359 


h 


41.408 


32.515 


H 


177.672 


139,644 


H 


6.28 


4.147 


h 


47.53 1 


37.332 


% 


190.136 


149.328 


A 


6.39 


6,019 




64.084 


42.464 


H 


203.024 


159.456 


h 


7.604 


5.972 


4 












% 


8.926 


7.01 


H 


61.0R6 


47.952 


8 


216.336 


169.856 


h 


10 352 


8.128 


.4 


68.448 


63.76 








fi 


11.883 


9.333 


h 


76.264 


59.9 


9 


273.792 


215.04 



Table No. 75. 



Vulgar Fractions of a Lineal Inch in Decimal Fractions. 



Advancing by Thirty-seconds. 



1 

2 

3 

4 

5 

6 

7 

8 



10 

11 

12 

13 

14 

15 

IG 



i^ 



its 


ctions. 


S 


'! t- 


u. 1 



1 

3 3 


0.03125 


17 


^1 


T*ff 


0.0625 


18 


A 


^V 


0.09375 


19 


\^ 


^ 


0.125 


20 




^ 


0.15625 


21 


\\ 


A 


0.1875 


22 


u 


^V 


0.21875 


23 


^. 


i 


0.25 


24 


i 


A 


0.28125 


25 


^ 


A 


0.3125 


26 


+J 


U 


0.34375 


27 


V 


'i 


0.375 


28 


^ 


0.40625 


29 


l^ 


tV 


0.4375 


30 


+1 


^h 


0.46875 


31 


Ih 


h 


0.5 

1 


32 


1 



^1 



0.53125 

0.5625 

0.59375 

0.625 

0.65625 

0.6875 

0.71875 

0.75 

0,78125 

0.8125 

0.84375 

0.875 

0.90625 

0.9375 

0.96875 

1.000 



Advancing by Odd Sixty-fourths. 



1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 



015625 

04687 

078125 

109375 

140625 

171875 

203125 

234375 

,265625 

,296875 

,328125 

.359375 

.390625 ! 

.421875 i 

.453125 '; 

,484375 i 



33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
67 
59 
61 
63 



0.515025 
0,546875 
0.578125 
0.609875 
0.640625 
0.671875 
0.703125 
0.734375 
0.765625 
0.796875 
0,828125 
0.859375 
0.890625 
0,921875 
0.953125 
0.984375 
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Table No. re. 
Lineal Inches in Decimal Fractions of a Lineal Foot. 



Lineal 
Inches. 


Lineal Foot. 


! Lineal 
Inches. 


Lineal Foot. 


Lineal 
Inches. 


Lineal Foot. 


r'4 


0.001302083 


! ^l 


0.15625 


6i 


0.5416 


1 
^2 


0.00260416 


1 

i 2 


0.1666 1 

1 


6f 


0.5625 


iV 


0.0052083 


! n 


0.177083 


„ 
i 


0.5833 


h 


0.010416 


1 2i 


0.1875 


7i 


0.60416 


3 


0.015625 


! 2« 


0.197916 


u 


0.625 


i 


0.02083 


-2 


0.2083 


n 


0.64583 


A 


0.0260416 


2| 
2=^ 


0.21875 


8 


0.66667 


1 


0.03125 


0.22916 


8i- 


0.6875 


7 
Iff 


0.0364583 


1 ''I 


0.239583 


8J 


0.7083 


i 


0.0416 


! 3 


0.25 


82 


0.72916 


A 


0.046875 


3i 


0.27083 


9 


0.75 


1 


0.052083 


! 3J 


0.2916 


i ^^ 


0.77083 


i^ 


0.0572916 


; '''^ 


0.3125 


^h 


0.7916 


1 


0.0625 


I 4 


0.33333 


; 9J 


0.8125 


U 


0.0677083 


: n 


0.35416 


10 


0.83333 


I 


0.072916 


4i 


0.375 


101- 


0.85416 


1 5 
TC 


0.078125 


: M 


0.39583 


' 10^ 


0.875 




0.0833 




0.4166 


10 J 


0.89583 


1| 


0.09375 


; n 


0.4375 


11 


0.9166 


u 


0.10416 


; ^^ 


0.4583 


. lU 


0.9375 


1 3 

■^ 8 


0.114583 


5J 


0.47916 


i 11^ 


0.9583 


u 


0.125 


6 


0.5 


1 11 f 


0.97916 


ll 


0.135416 


, 6i 


0.52083 


i 12 


1.000 


1 3 


0.14583 


[• 








■* 4 











Theyfrj/ cosi of a boiler is a fixed quantity. The cosi of operation is one 
continuing during the life of the boiler. Given the relative cost of tubular 
and water-tube boilers, and the cost of fuel, it is a simple arithmetical cajcu- 
lation to determine what percentage of economy there must be in water-tube 
boilers in order to earn back their extra first cost. Of course no one who 
understands the subject, now doubts that there is some advantage in water- 
tube boilers in point of economy of operation and repairs. Take this per- 
centage of economy at the minimum — say only 10% — and see how short a 
time it takes to amount to more than the cost of the boiler. It will surprise 
you. 
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Table no. rr. 
Square Inches in Decimal Fractions of a Square Foot. 



Square 
Iiich«>. 


Square 
hoot. 


f>quare 
Inches. 


Square 
Foot. 


Square 
Inches. 


S>quare 
Foot. 


Square 
Inches. 


Square 
Fool. 


0.10 


0.0006944 


24.0 


1 j 
0.166(i6 ! 

1 


65.0 


0.45138 1 


105.0 

j 


0.72916 


0.15 


0.0010410 , 


i 25.0 


0.17361 


66.0 


0.46833 j 


106.0 , 


0.7361 1 


0.20 


0.001388 J 


[ 26.0 


0.18055 


67.0 


0.46527 1 


107.0 1 


0.74305 


0.25 


0.0017361 ' 


': 27.0 

1 


0.18750 


68.0 


0.47222 1 


108.0 ' 


0.75000 


0.30 


0.002083 


' 28.0 

■ 


0.19444 


69.0 


0.47916 


109.0 , 


0.75694 


0.35 


0.0024305 


29.0 


0.20138 1 


70.0 


0.48611 


110.0 ; 


0.76388 


0.40 


0.002777 


30.0 


0.20833 


71.0 


0.49305 i 


111.0 


0.77083 


0.46 


0.00311249 


31.0 


0.21527 


72.0 


0.50000 1 


112.0 


0.77777 


0.50 


0.003472 


32.0 


0.22222 


73.0 


0.50694 


113.0 


0.78472 


0.55 


0.0038194 ' 


33.0 


0.22?) 16 


74.0 


0.51388 


114.0 


0.791(><i 


0.60 


0.004166 ! 


34.0 


0.23(511 


75.0 


0.52083 ■ 


115.0 ; 


0,798(il 


0.65 


0.0(M5138 : 


35.0 


0.24305 


76.0 


0.52777 


116.0 1 


0.8055.5 


0.70 


0.0O4861 


> 36.0 


0,25000 


77.0 


0.53472 


117.0 ' 


0.81249 


0.75 


0.0052083 


37.0 


0.25694 


78.0 


0.54166 


118.0 


0.81944 


0.80 


0.005555 


38.0 


0.26388 


79.0 


0.54861 


119.0 


0.82(J38 


0.85 


0.0059027 


1 39.0 


0.27083 


80.0 


0.55555 


120.0 j 


0.83333 


0.90 


0.006250 


. 40.0 


0.27777 


81.0 


0.56249 


121.0 


0.84027 


0.95 


0.0065972 


1 41.0 


0.28472 


82.0 


0.56944 


122.0 ' 


0S4722 


1.0 


0.006944 1 


\ 42.0 


0.2})166 


83.0 


0.57638 


123,0 


0.8541(1 


2.0 


0.01388 ; 


43.0 


0.29861 


84.0 


0.58333 


124.0 


0.861 1 ; 


3.0 


0.02083 


44.0 


0.30555 


8-5.0 


0.59027 


126.0 


0.86805 


4.0 


0.02777 


45.0 

1 


0.31249 


86.0 


0.59722 


126.0 


0.87500 


6.0 


0.03172 


; 4<5.0 


0.31944 


87.0 


0.60416 


127.0 , 


0.88194 


6.0 


0.04 1(>6 1 


1 47.0 


0.32638 


88.0 


0.61111 


128.0 . 


0.88888 


7.0 


0.W861 


i 48.0 


o.ssats 


89.0 


0.61805 


129.0 


0.89583 


8.0 


0.05555 


[ 49.0 


0.34027 


90.0 


0.62500 


130.0 ' 


0.90277 


9.0 


0.06250 


' 50.0 


0.34722 


91.0 


0.63194 


131.0 


0.90972 


10.0 


0.0()944 


' 51.0 


0.35416 


92.0 


0.63888 


132.0 


0.91(Mi() 


11.0 


0.07638 


I 52.0 


0.3<}lll 


93.0 


0.0)4583 


133.0 


0.923(11 


12.0 


0.06333 


' 53.0 


0.36805 


94.0 


0.()5277 


134.0 


0.9305.5 


13.0 


0.aK)27 


; 54.0 


0.37500 


95.0 


0.65972 


135.0 


0.937.50 


14.0 


0.09722 


1 55.0 


0.38194 


96.0 


0.6(>< )<'.(! 


136.0 


0.94444 


15.0 


0.10416 


! 56.0 


0.3S888 


97.0 


0.67301 


137.0 1 


O.Ool.iS 


IG.O 


0.11111 


1 57.0 


0.3958;{ 


98.0 


0.()80o5 


138.0 , 


0.958;};{ 


17.0 


0.11805 


1 58.0 


0.40277 


99.0 


0.68750 


139.0 \ 


0.9(3527 


18.0 


0.12500 


! 69.0 

j 


0.40972 


100.0 


0.69444 


140.0 j 


0.97222 


19.0 


0.13194 


! 60.0 


0.41<U.<) 


101 .0 


0.70138 ' 


141.0 1 


0.9791(5 


20.0 


0.13888 


' 61.0 


0.423(>1 


102.0 


0.70S33 


142.0 ; 


0.98011 


21.0 


0.14583 


62.0 


0.4;i055 


103.0 


0.71527 


143.0 1 


0.99.305 


22.0 


0.15277 


63.0 


0.4;>7o0 


1O4.0 


0.72222 


144.0 


1.0000 


23.0 


0.15972 


64.0 


0.44444 




■ 
i 


1 

1 
1 
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Table No. 78. 
Decimal Fractions of a Square Foot in Square Inches. 



Square 
Foot. 


Square 
Inches. 


Square 
Foot. 


Square 
Inches. 


Square 
Fool 


Square 
Inches. 


Square 
Foot. 


Square 
Inches. 


0.01 


1.44 


0.26 


37.4 1 


0.51 


73.4 


0.76 


109.4 


0.02 


2.88 


0.27 


38.9 


0.52 


74.9 


0.77 


110.9 


0.03 


4.32 ! 

1 


0.28 


40.3 


0.53 


76.3 


0.78 


112.3 


0.04 


5.76 ' 

1 


0.29 


41.8 


0.54 


77.8 


0.79 


113.8 


0.05 


7.20 


0.30 


43.2 


0.55 


79.2 


0.80 


115.2 


0.06 


8.64 


0.31 


44.6 


0.66 


80.6 


0.81 


116.6 


0.07 


10.1 


0.32 


46.1 


0.57 


82.1 


0.82 


118.1 


0.08 


11.5 


0.33 


47.5 


0.58 


83.5 


0.83 


119.5 


0.09 


13.0 ' 


0.34 


49.0 


0.59 


85.0 


0.84 


121.0 


0.10 


14.4 i 


0.35 


50.4 


0.60 


86.4 


0.85 


122.4 


0.11 


15.8 


0.36 


51.8 


0.61 


87.8 


0.86 


123.8 


0.12 


17.3 1 


0.37 


53.3 


0.62 


89.3 


0.87 


125.3 


0.13 


18.7 


0.38 


54.7 ' 


0.63 


90.7 


0.88 


126.7 


0.14 


20.2 


0.39 


56.2 


0.64 


92.2 


0.89 


128.2 


0.15 


21.6 


1 0.40 


57.6 


0.65 


93.6 


0.90 


129.6 


0.16 


23.0 


' 0.41 

j 


58.0 


0.66 


95.0 


0.91 


131.0 


0.17 


24.5 


1 0.42 


60.5 


0.67 


96.5 


0.92 


132.5 


0.18 


25.9 


1 0.43 


61.9 


0.68 


97.9 


0.93 


133.9 


0.19 


27.4 


' 0.44 


63.4 


0.69 


99.4 


0.94 


135.4 


0.20 


28.8 


0.45 


64.8 


i 0.70 


100.8 


0.95 


136.8 


0.21 


30.2 


0.46 


66.2 


0.71 


102.2 


0.96 


138.2 


0.22 


31.7 


0.47 


67.7 


' 0.72 


103.7 


0.97 


139.7 


0.23 


33.1 


, 0.48 


i 69.1 


\ 0.73 


1 105.1 


0.98 


141.1 


0.24 


34.6 


0.49 


70.6 


' 0.74 


106.6 


0.99 


142.6 


0.25 


36.0 


0.50 


1 72.0 


1 0.75 


108.0 


1.00 


144.0 



How many large modern boiler plants are now constructed with old 
style flue and tubular boilers — boilers in which circulation is in spite of, and 
not because of, their design and construction ? Among the big new installa- 
tions there are twenty water-tube plants now to every one of the old style. 
Yet many small boiler users still fail to grasp the fact that the economy of 
water-tube boilers is "a condition" and not "a theory." 
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Table no. 79. 
French Measures of Length with U. S. Equivalents. 



10 millimetres 

10 centimetres 

10 decimetres "l 

100 centimetres > 

1000 millimetres J 

10 metres 

10 decametres 

10 hectometres 

10 kilometres 



I millimetre -- 
1 centimetre -- 
1 decimetre-— 

I METRE 

1 decametre — 
I hectometre- - 
1 KILOMETRE 
I myriametre- 



Metres. 

0.00 1 

0.01 

0.1 

1.0 

10.0 

100.0 

1000.0 

10000.0 



U. S. Equivalents. 



0.03937 inch. 
0.3937 inch. 
3.93704 inches. 

39.37(H inches. 
. 3.2809 feet. 

32.8087 feet. 
328.0869 feet. 
3280.869 feet. 
6.21377 miles. 



Table No. so. 
French Measures of Surface with U. S. Equivalents. 



|1 sq. 

100 sq. millimetres jl sq. 

100 sq. centimetres \l sq. 

100 sq. decimetres \ , 

10000 sq. centimetres- J *^" 



millimetre - 
centimeier- 
decimetre-- 

METRE--- 



Square Metres. 



0.000001 

0.0001 

0.01 

1.0 



100 sq. 

100 sq. 

100 sq. 
100 sq. 



metres-— -- 1 sq. decametre 100,0 

I 
decametres 1 sq. 

! 
hectometres • 1 sq. 



kilometres 1 sq. 



hectometre 10,000.0 

kilometre — 1,000,000.0 

myriametre lOO.OOO.OOO.r 



U. S. Equivalents. 

0.00155 sq. inches. 

0.155 sq. inches. 

15.5003 sq. inches. 
r 10.7641 sq. feet. 
1 1.1960 sq. yards. 
f 1076.41 sq. feet. 
1 119.601 sq. yards, 
f 11960.11 sq. yards. 
\ 2.4711 acres, 
r 1196014 sq. yards. 
1 0.38611 sq. miles. 

38.611 sq. miles. 



Table No. si. 



French Measures of Weight with U. S. Avoirdupois 

Equivalents. 





1 


Grammes. 


U. S. Equivalents. 


10 milligrammes 

10 centigrammes 

10 decigrammes 

10 grammes --- 

10 decagrammes 

10 hectagrammes — 
HO kilogrammes 

10 quintals 

1000 kilogrammes. - 


1 milligramme 

1 centigramme 

1 decigramme 

1 GRAMME -- 


0.001 
0.01 
0.1 
1.0 

10.0 

100.0 
100(1.0 


0.0154 grains. 

0.1543 grains. 

1.5432 grains. 

15.4323 grains, 
f 154.3235 grains. 
10.3527 ounces, 
f 1543.2349 grains. 
\ 3.5274 ounces. 

2.2046 pounds. 

220.4621 pounds, 
r 2204.6212 pounds. 
{ 19.6841 cwt. 
10.9842 tons. 


jl decagramme 

I hectagramme 

— ! I kilogramme 

I metric quintal 

"1 1 millier or tonne -- 

1 
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LIST OF HEINE BOILER PLANTS. 



HOTELS, OFFICES AND PUBLIC BUILDINGS. 

National Guard Armory, St. Louis 1 Boiler, 40 H. 

Harmonic Club, St. Louis 1 " 15 

Shaw Building, St. Louis 1 " 50 

Mitchell Building, St. Louis 1 " 45 

Missouri State University, Columbia, Mo 2 *' 120 

St. Louis Exposition, St. Louis 4 ** 1000 

House of Refuge, St. Louis 2 " 110 

Montesano Hotel, St. Louis 1 " 15 

Palace Hotel, San Francisco, Cal., firstorder 4 " 260 

McVicker's Theatre, Chicago, 111 2 " 260 

Roe Building, St. Louis 2 " 250 

Good Samaritan Hospital, St. Louis 1 " 20 

Lake View School House, Chicago, 111 2 " 75 

State University, Madison, Wis 2 " 110 

Minneapolis Industrial Exposition, Minneapolis, Minn 4 " 1000 

Centrppolis Hotel, Kansas City 2 " 150 

Inter-State Industrial Exposition, Chicago, 111 1 '* 250 

University of Denver, Denver, Colo., first order 1 " 90 

University of Denver, Denver, Colo., second order 1 " 200 

Boston Heating Co., Boston, Mass., first order 10 " 1000 

Boston Heating Co., Boston, Mass., second order 2 " 200 

San Jose Insane Asylum, San Jose, Cal 2 " 220 

Cincinnati Exposition, Cincinnati, Ohio 2 " 400 

Denver Republican, Denver, Colo 1 " 80 

Cathedral of St. Johfl, Denver, Colo 1 " 80 

Railroad Building, Denver, Colo 1 *' 110 

Arkansas State Lunatic Asylum, Little Rock, Ark., first order 2 " 150 

Western Pennsylvania Exposition, Pittsburg, Pa 2 " 500 

Honser Building, St. Louis 2 " 240 

Hospital for the Insane, Fergus Palls, Minn., first order 1 " 120 

Southern Illinois Penitentiary, Chester, 111., first order 2 " 600 

Insane Asylum, Agnew, Cal 2 " 220 

Railroad Building, Denver, Colo., second order 1 " 110 

Court House, Evansville, Ind 2 '* 190 

Wm. Kirkup & Son, Cincinnati, Ohio 2 " 220 

Pabst Opera House, Milwaukee, Wis 2 " 240 

Arapahoe County Jail, Denver, Colo 3 " 360 

C. D. McPhee, Denver, Colo 2 " 150 

Courier- Journal Building, Louisville, Ky., first order 2 " 240 

Broadway Theatre, Denver, Colo., first order 2 " 240 

Boatmen's Bank Building, St. Louis 2 " 240 

Broadway Theatre, Denver, Colo., second order 1 *' 120 

Samuel Cupples Real Estate Co., St. Louis, first order 2 " 740 

The Neave Building Co., Cincinnati, Ohio 2 " 240. 

First National Bank, Duluth, Minn 2 ** 80 

John M. Smyth, Chicago, 111 2 " 500 

University of Michigan, Ann Arbor, Mich 2 " 3(X) 

Hospital for the Insane, Fergus Falls, Minn., second order 1 " 120 

Palace Hotel, San Francisco, Cal., second order 3 " 525 

Royal Victoria Hospital, Montreal, Can 2 " 160 

R. H. Macy & Co., New York 3 " 600 

Henry C. Brown, Palace Hotel, Denver. Colo 4 *' 520 

Jas. G. Fair Building, San Francisco, Cal 1 *' 175 

Hospital for the Insane, Fergus Falls, Minn., third order 1 " 120 

^issonri State Penitentiary, Jefferson City, Mo., first order 4 " 1500 
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Jackson Connty Court House, Kansas City, £rst order 3 Boilers, 360 HP. 

Equitable Building, Des Moines, Iowa 2 " 300 ' 

Freehold BnildinK. Toronto, Can 1 " 120 ' 

Confederation Building, Toronto, Can 2 " 2(«J '" 

John Doty Engine Co., Toronto. Can 1 ** 110 " 

.\thletic Club Building, Chicago, 111 2 " 3t«j ' 

World's Columbian Exposition, Chicago, III 8 " 3iXm " 

Windsor Hotel, Montreal, Can 1 " 15<i " 

Betz Building. Philadelphia, Pa. 3 *' 5<«i " 

Mercantile Club, St. Louis 2 " 3iii) " 

The Johnson Building, Cincinnati, Ohio 2 " 24(i " 

The First National Bank. Pittsburg, Pa., first order 2 " li«i " 

Jackson County Court House, Kansas City, second order 1 " 120 " 

Emma Spreckels Building, San Francisco, Cal. 2 " IS*) " 

Mallinckro<U Building. St. Louis 2 " 30ii " 

World's Columbian Exposition, Chicago, 111., second order .... 4 " ISoO " 

Odd Fellows' Temple, Cincinnati, Ohio 3 *' 45i> " 

Occidental Hotel, San Francisco, Cal 2 *' IJi 

New Planters' House, St. Louis, first order 2 " 6t«.' 

Young Men's Christian Association Building, Chicago 2 " 500 

Gruenewald Building, New Orleans, first order 2 " 100 

Hospital for the Insane, Fergus Falls, Minn., fourth order 1 " 120 

Pennsylvania State College, State College, Pa 1 " 150 " 

Hotel Majestic, New York City 4 " IiKhi* 

Carnegie Steel Co., Pittsburg, Pa., first order 2 " 25ii ' 

Carnegie Steel Co., Pittsburg, Pa., second order 1 '* 250 ' 

Central Park Apartment Building, New York City 2 " 5<.ni ' 

California Midwinter International Exposition, San Francisco S " ^i»i ' 

City and County Building, Salt Lake City, Utah 3 '• 225 ' 

Southern Illinois Penitentiary, Chester, 111., second order 1 " 3lHt ' 

La Banque du Peuple, Montreal, Can 2 " 125 ' 

St. Vincent's Institute, Normandy, Mo .... 2 " 4«n» ' 

Mar(|ut'tte Building, Chicago, 111 4 " Itxiii 

Merchants' Kxchange, St. Louis 3 " 36<* 

Fergus Falls State Hospital, Fergus Falls, Minn., fifth order. 1 *' 120 

Bennett & Wright, Parliament Building, Victoria, B. C 2 " 13U 

New Planters' House, St. Louis, second order 1 " 2iKt 

Iv(|uitnble Building, Denver, Colo 3 " 75M 

Samuel Cupples Real Estate Co., St. Louis, second order 1 " 15it 

Jackson Bros. Building, Pittsburg, Pa. 2 " 2lti) 

Maine State College. Orona, Me 1 " 85 

Cornell I'niversity, Ithaca, N. Y 1 " KNI 

First National Bank Building, Chicago, 111 2 " 4(»8 

North Sub-district School, Pittsburg, Pa 2 " 13<» 

I'liiversity of Missouri, Columbia, Mo., first order 1 " 2(M> 

\Vintii'l)a>;o Huilding, Chicago, 111 3 " 375 

Howling (ifoen lUiildiii^, New York 3 " 54<> 

I'tMitral Kentucky Lunatic Asylum. Lakeland, Ky. 1 " 3<Kt 

V. M. C. A Hull. lin)i. St. Louis, first order 1 " 12<» 

l-'irst N.ilional H.uik lUiilding, Pittsburg. Pa., second order 1 " 15n 

(.'olorado Ti'K'pluMU- Co., Denver, Colo 1 '* 6i) 

W r. IVU'Kraph Co. lUiilding. Chicago, III 1 " 2.50 

l.nulrll Krai ICstat*- Co., St. Louis 3 " 45n 

I'l'imis ImiIIs Stall" Hospital, I'ergus Falls, Minn., sixth order.. 1 " 120 

Nrw City lull. St. Louis, first order 2 " 5W 

I'hirin Building. Milwaukee, Wis 2 " 360 

Windnnr Hotel, New York 2 *' 356 

C. S. Movrv Mercintilo Co.. Denver, Colo 2 ** 120 

V. M. C. A.. Philadelphia. Pa. 2 " 154 

Ma»«lll«n State no.<ipitMl. MassiUon, Oh\o. fttst. ordei 4 ** 1000 
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Davis Bailding, St. Louis, Mo 4 Boilers, 600 H. P. 

Hotel Chamberlain. Old Point Comfort, Va 1 " 302 " 

Quincy House, Boston, Mass. 1 *' 210 *' 

Fullerton Building, St. Louis, Mo 2 " 300 " 

ArkansasStateLunatic Asylum, Little Rock, Ark., second order 1 " 75 " 

California Hotel, San Francisco 1 " 140 *' 

Hospital St. Jean de Dieu Insane Asylum, (Quebec 1 " 80 " 

Municipal and County Building, Toronto, Ont 4 '* 700 " 

Forrester's Temple, Toronto 2 " 240 " 

Arkansas State Lunatic Asylum, Little Rock, Ark., third order 1 " 75 " 

Virginia Polytechnic Institute, Blacksburg, Va., first order 1 " 100 " 

Quincy House, Boston, Mass 1 '* 210 " 

Southern Illinois Penitentiary, Chester, 111., third order 1 " 300 " 

Washington Market Co., Washington, D. C, first order 1 " 250 " 

Empire Theatre Co., Atlantic City, N. J. 1 " 100 " 

United Loan and Investment Co., New York 2 " 200 " 

Gruenewald Hotel, New Orleans, second order 2 " 400 " 

Security Bank Building, Sioux City, Iowa 2 " 300 " 

Spring Garden Institute, Philadelphia, Pa 2 ' " 200 " 

Hotel Grafton, Washington, D. C 2 " 110 " 

Missouri State Penitentiary, Jefferson City, Mo., second order 1 " 359 " 

Fergus Falls State Hospital, Fergus Falls, Minn., seventh order 1 " 120 *' 

W. S. Scull, Camden, N. J. ..' 1 " 120 " 

Massachusetts Building, Baltimore, Md. 2 " 160 " 

Y, M. C. A, St. Louis, Mo., second order 1 " 120 '* 

Oxford Market, Philadelphia, Pa 2 " 200 " 

Courier- Journal Building, Louisville, Ky., second order 1 " 120 " 

St. Louis Terminal, Cupples Station and Property Co., St. 

Louis. Mo., third order 1 " 250 " 

Asylum for the Insane, New Westminster, B. C 3 '' 180 "' 

First National Bank Building, Pittsburg, third order 1 " 200 " 

Grand Pacific Hotel, Chicago 2 " 300 " 

Kansas City Post Office and Custom House 4 " 300 " 

Rittenhouse Building, Philadelphia, Pa 2 " 232 " 

United States Mirit, New Orleans, La 1 " 125 " 

Williamson Building, Cleveland, Ohio 5 " 1020 " 

Hotel Vendig, Philadelphia, Pa 1 " 100 " 

Philadelphia Exposition, Philadelphia, Pa 2 " 666 " 

Fifth Avenue High School, Pittsburg, Pa 2 " 368 " 

Arlington Hotel, Hot Springs, Ark 1 " 240 " 

Manual Training School, Denver, Colo 1 " 114 " 

Blees Military Academy, Macon, Mo., first order 1 " 129 " 

Blees Military Academy, Macon, Mo., second order 1 " 220 " 

Equitable Building, Baltimore, Md 3 " 669 " 

Hotel Chelsea, .\tlantic City, N. J 1 " 114 " 

Washington Market Co., Washington, D. C, second order .. 1 *' 333 " 

Hutchins House, Houston, Texas . 2 " 198 " 

The Cooper Building, Denver, Colo. 1 " 239 " 

Penn Mutual Life Insurance Co 3 *' 720 " 

Menger Hotel, San Antonio. Texas 1 " I44 " 

Union Savings Bank and Trust Co. , Cincinnati 2 " 540 " 

University of Nebraska, Lincoln, Neb 2 " 324 " 

St. Charles Hotel Co., New Orleans, La 1 " 220 "■ 

U. S. Government Dredge Boat 1 " 296 "■ 

Alabama Polytechnic Institute, Auburn, Ala 1 " 99 " 

Presbyterian Hospital. Philadelphia, Pa 2 " 400 " 

St. Joseph College. Philadelphia, Pa. 2 " 198 " 

New City Hall, St. Louis, Mo., second order 2 " 480 " 

Binz Building, Houston , Texas 2 " 250 " 

Hotel Lauer, Reading, Pa 2 " 156 " 
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IRON AND STEEL MANUFACTURERS. 

St. Louis Stamping Co., St. Louis 1 Boiler, 40H.P. 

Troy Steel and Iron Co., Troy, N. Y., first order _ 2 " 175 " 

Troy Steel and Iron Co., Troy, N. Y., second order 8 " 2560" 

Risdon Iron Works, San Francisco, Cal 3 " 600 " 

Tudor Iron Works, East St. Louis, first order 2 " 500 " 

Scherpe & Koken, St. Louis, first order 1 *' 30 " 

Schoenberger & Co., Pittsburg, Pa., first order 1 •• 250 " 

Oliver Bros. & Phillips, Pittsburg, Pa., first order 2 " 500 " 

Edgar Thompson Steel Works, Braddock, Pa 2 " 50!) " 

Union Steel Co., Chicago, 111 2 '* 500 " 

Jas. P. Witherow, Pittsburg, Pa 2 " 250 " 

Troy Steel and Iron Co., Troy, N. Y., third order 1 " 125 " 

Belleville Nail Co., Bell ville, 111 5 " 1250 " 

Racine Hardware Co., Racine, Wis.... , I " I5y ■• 

Roh't Hare Powell's Sons, Saxton, Pa 3 ** 750 " 

Valentine Ore Land Association, Bellefonte, Pa. 2 *' 375 " 

Troy Steel and Iron Co., Troy, N. Y., fourth order 2 " ISO " 

Chicago Steel Works, Chicago, 111 _ 1 " 150 " 

Troy Steel and Iron Works, Troy, N. Y., fifth order 3 " 375 " 

North Branch Steel Co., Danville, Pa _ 4 '* 1280 " 

Oliver Bros, and Phillips. Pittsburg, Pa., second order 1 " 250 " 

Henry Disston & Sons, Philadelphia, first order 1 *• 200 *' 

Springfield Iron Co., Springfield, 111. 3 " 75«} " 

H. R. Worthington. Brooklyn, N. Y . 2 *' 300 " 

Henry Disston & Sons, Philadelphia, Pa., second order 3 " 750 " 

Oliver Bros. & Phillips, Pittsburg, Pa., third order 1 " 250 " 

Missouri Malleable Iron Co., St. Louis, first order 1 *' 15() " 

Helmbacher Forge and Rolling Mill Co., St. Louis 1 " 250 " 

Chester Rolling Mills, Chester, Pa 5 " 1250 " 

Van Zile, McCormick & Co.. .\lbany. N. Y.. first order 1 " 150 " 

Troy Steel and Iron Co.. Troy. N. Y.. sixth order 2 '* 6W " 

Muskegon Iron and Steel Co.. Muskegon. Mich., first order... 1 " 200 " 

Muskegon Iron and Steel Co.. Muskegon, Mich., second order 1 ** 250 " 

Monterey Foundry Co., Monterey, Mex. 1 '* 65 " 

Van Zile, McCormick & Co.. .\lbany. N. Y.. second order 1 ** 150 " 

Kilmer Mfg. Co.. Newburg. N. V 5 " 750 " 

The Johnson Co.. Johnstown, Pa., first order 2 " 5t)0 " 

Stn>m Mfg. Co.. Chicago. 111. __ 1 •' 13) '• 

Keystone Rolling Mill Co.. IHttsburg. Pa 1 *• 154) •• 

St. Louis Shovel Co.. St. Louis 1 •* 2«10 " 

V. S. Iron and Tin Plate Mfg. Co.. Demmler. Pa 1 " 250 " 

Shoenlierger. Speer & Co., Pittsburg, Pa., second order 1 '* 30i> " 

Missouri Malleable Iron Co.. St. Louis, second order -2 " 30i> " 

KUui Irvvj Works. Pittsburg. Pa. 1 *♦ 150 " 

Keystone Rv^lling Mill Co.. Pittsburg. Pa. second order 1 '* 375 " 

SoheriM? & Kokcn .\rch. Iron Works Co.. St. Louis. 2d order . 2 *' 12i) " 

The Johnson Co.. Jv^hnstown. Pa., second order 2 ** 500 " 

.\ddyston Pipe ami Steel Co., Addysion. Ohio 1 ** 3»Hi " 

Hehnbaoher Forge & Rollins Mil! Co. . St. Louis, secoad order 1 ** 375 " 

V. S I nv.i .tnd Tin Plate Mfg. Co.. Demmler. Pa., second order 1 ** 375 " 

l^ulor ln'>n Works, East St. Louis, s«?cond order .... 2 '* 50i) " 

lUiuois Steel Co.. JoiUt, Itl. first v>rder 4 ** 100) " 

l\ S. IrvMi ami Tin Plate Mfg. Co., Demmler. Pa., thini order- 4 ** 4*0 " 

llliiu»i» Steel Co., Chicago III., second order 4 ** lUOU " 

S« Tv WtUtama & Co.. Muscatine. Io««. first order. .1 *' 3Qii " 

!••» McKia«ey j& Son. Albany. N. Y. - 1 *• 60 "* 

^IliiMM K^IKlir Mills, MuscaUQC. \o«a. second orteK 1 ** 120 " 

— \i&\ — 



Session's Foundry, Bristol, Conn 3 Boilers, 405 H. P. 

Illinois Steel Co., Joliet, 111., third order 2 " 500 

Illinois Steel Co., Joliet, 111., fourth order :... 4 " 1000 

Jones & Laughlin, L't'd, Pittsburg, Pa 1 " 500 

Schoenberger Steel Co., Pittsburg, Pa., third order 1 " 300 

Koken Iron Works, St. Louis, third order 1 " 175 

Inland Steel Co., Chicago Heights, 111., first order 1 " 150 

Tudor Iron Works, East St. Louis, 111., fourth order 3 " 900 

Inland Steel Co , Chicago, 111., second order 1 '* 250 

Schoenberger Steel Co., Pittsburg, Pa., fourth order 5 " 1675 

St. Louis Stemping Co., Granite City, 111 8 " 2000 

Honolulu Iron Works, Honolulu, Hawaiian Islands 1 " 250 

McDonnell Rolling Mills, Canada 1 " 100 

Phceniz Iron Co., Phoenixville, Pa., first order 1 " 300 

Phoenix Iron Co., Phcenixville, Pa., second order 1 " 300 

American Steel and Wire Co., Pittsburg, Pa 2 " 80 

Phoenix Iron Co., Phcenixville, Pa., third order 1 " 333 

Missouri Malleable Iron Co., East St. Louis, 111., third order 1 " 144 

Phoenix Iron Co., Phcenixville, Pa., fourth order 1 '* 333 



PACKING HOUSES. 

Armour Packing Co., Kansas City, Mo., first order 1 Boiler, 300 H.P. 

Armour Packing Co., Kansas City, Mo., second order 1 " 300 

Kansas City Packing Co., Kansas Chy, Mo., first order 1 " 300 

Fort Worth Packing Co., Fort Worth, Tex., first order 1 " 300 

Fort Worth Packing Co., Fort Worth, Tex., second order 1 *' 300 

Roth -Meyer Packing Co., Cincinnati, Ohio -. 3 *' 300 

N. K. Fairbank & Co., St. Louis, first order 2 " 6(X) 

N. K. Fairbank & Co., Chicago, 111., first order 1 " 500 

N. K. Fairbank & Co., St. Louis, second order 1 " 500 

N. K. Fairbank & Co., Chicago, 111., second order 2 " KKK) 

Nelson Morris & Co., Chicago, 111. 2 *' 500 

K. C. Packing Co., Schwartzschild-Sulzberger Co., 2d order. 2 " 600 

Swift & Co., Kansas City, Mo. 2 " 740 

N. K. Fairbank & Co., Chicago, 111., fourth order 1 " 250 

St. Louis Dressed Beef and Provision Co., St. Louis 1 " 375 

Swift & Co., East St. Louis, second order 1 " 370 



IRON FURNACES. 

De Bardelebeu Coal andiron Co., Birmingham, Ala., 1st order, 5 Boilers, 1250 H.P. 



Sheffield Iron Co., Sheffield, Ala., first order 3 

Lady Ensley Furnace Co., Sheffield, Ala., first order 3 

Mexican Iron Mountain Mfg. Co., Durango, Mex 2 

Pulaski Iron Co., Pulaski City, Va., first order 3 

Ashland Iron and Steel Co., Ashland, Wis 3 

New Mineral Co., New River Dep>ot, Va 2 

Pulaski Iron Co., Pulaski City, Va., second order 

Sheffield Iron Co., Sheffield, Ala., second order 

Lady Ensley Furnace Co., Sheffield, Ala., second order 

De Bardeleben Coal and Iron Co., Birmingham, Ala., 2d order 
Pulaski Iron Co., Pulaski City, Va., third order 



750 ' 

750 • 

300 ' 

960 • 

450 ' 

300 ' 

320 • 

250 ' 

250 ' 

2240 ' 

320 • 



ARTIFICIAL ICE AND REFRIGERATOR COMPANIES. 

Texarkana Ice Co., Texarkaua, Ark 2 Boilers, 150 H.P. 

Bohlen-Huse Machine and Lake Ice Co., Memphis, Tenn 1 " 110 " 

Griesedieck Artificial Ice Co., St. Louis, first order 1 " 250 " 

H. H. Bodeman, St. Louis 1 " 120 " 

Griesedieck Artificial Ice Co., St. Louis, second otdet \ *' 1^^ '* 
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Springfield Ice and Refrigerator Co., Springfield, Mo 1 Boiler, 120 H.P. 

H. Henke & Co., Houston, Tex., first order 1 " 120 " 

Union Ice Mfg. Co., Pittsburg. Pa.. first order 2 " 600 " 

New York Hygeia Ice Co., New York, N. Y'., first order 2 " 750 " 

St. Joseph Artificial Land C.S. Co., St. Joseph, Mo., 1st order 1 '* 150" 

Union Ice Mfg. Co., Pittsburg. Pa., second order 1 " 300 " 

H. Henke & Co.. Houston. Tex., second order 1 *' 300 " 

New York Hygeia Ice Co.. New York, N. \'., second order.. . 1 " 375 " 

H. Henke .\rtificial Ice Co., Houston, Tex., third order 1 " 300 " 

St. Joseph Ice and Cold Storage Co., St. Joseph, Mo., 2d order 2 " 500 " 

Washington Ice and Storage Co., Washington, Pa 1 '* 200 '" 

New York Hygeia Ice Co., New York, third order 1 " 375 " 

Imperial Ice and Cold Storage Co., Philadelphia, Pa 2 " 200 " 

The Ice Mfg. Co.. Germantown, Pa., first order 1 " 270 " 

The Ice Mfg. Co., Germantown, Pa., second order 1 " 270 " 

Merchants Ice Co., Norristown, Pa 2 '* 250" 

Texas Ice and Cold Storage Co , Galveston, Texas 1 " 240 " 

Sherman Ice Co., Sherman, Texas 1 " 220 " 

Seaside Ice Mfg. and Cold Storage Co., Atlantic City, N. J. 3 " 432 " 

Phoenixville Ice Mfg. and Cold Storage Co., Phoenixville, Pa. 1 " 114 " 

SUGAR PLANTATIONS. 

D. H. Cunningham, Sugarland, Texas 1 Boiler, 300 H.l» 

J. DeMier, Santa Rosa Plantation, Cuba, first order 4 " 1000 " 

J. DeMier, Santa Rosa Plantation, Cuba, second order 2 " 600 '' 

J. DeMier, Santa Joaquin Plantation, Cuba, third order 2 " 600 " 

Casanova Brothers, Carolina Plantation, Cuba, first order 2 " 600 " 

Henry Heidegger, Matanzas, Cuba, first order 1 " 250 " 

Carlos. Booth & Co 1 " 60 " 

Henry Heidegger, Matanzas, Cuba, second order 1 " 300 " 

Casanova Brothers, Carolina Plantation, second order 2 '* 600 " 

Vicente Cagigal&Compartes, Central Gerardo P., Havana, Cuba 2 " 750 " 

J. DeMier, Havana. Cuba, fourth order 1 " 300 " 

.\ndre\v Price, .Acadia Plantation, Thibodaux, La., first order. 2 " 500 " 

Paahua Plantation, Sandwich Islands I " 250 " 

Milliken & Rutledge, Stanton Plantation, Algiers, La 2 " 440 " 

Poydras Planting Co., Poydras. La I " Mi 

Leon (Vodchaux Co., Raceland Plantation 1 " 333 " 

.\ndre\v Price, Acadia Plantation, Thibodaux, La., 2d order. 1 " 239 " 

Payne iv: Jouhert, for export to Monterey. Mex. 2 " 228 



FLOUR MILLS. 

Del Monte PMour Mill. San Francisco. Cal 

Chas. Tiedeniann. Collinsville, III 

Little Rock Millin)^ and Klevator Co.. Little Rock, .Ark. 

Parsons Flour .Mills, San Francisco, Cal 

Capitol I-lour Mills. Los Angeles, Cal.. first order 

Texas Star I'lour Mills, (ialveslon. Texas, first order 

J. B. Thro & Co.. St. Charles, Mo 

Eisemnayer Milling and F^levator Co.. Halstead, Kan. 

Hardesty Bros., Columbus. Ohio 

Lyon, Clement & C.reenleaf, Ligonier. Ind. 

Koppit/. & Smith, Pacific, Mo. 

Capitol Milling Co., Los Angeles, Cal., second order 

Colorado Milling and Elevator Co., Denver, Colo., first order.. 

The H C. Cole Milling Co., Chester, 111 

S. Ziebold & Son, Red Bud, 111 • 

^lenn Bros., Hillsboro, 111 ^- 

^oaey & Harper, U'ihnington, N. C "^ 



Boiler, 



ISO HP. 

125 " 

170 " 

145 " 

140 " 

200 •' 

no " 

200 " 

200 '• 

150 " 

60 " 

155 " 

250 *• 

300 " 

150 *' 

120 " 
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Blish Milling Co., Seymour, Ind., first order 1 Boiler, 

Franz Huning, Glorietta Mills, Albuquerque, N. M., first order 1 " 

Taylor Bros. & Co., Quincy, 111., first order 2 

Farmers' Union and Milling Co., Stockton, Cal 2 " 

R. T. Davis Mill Co., St. Joseph, Mo., first order 1 

The Cerealine Mfg. Co., Indianapolis, Ind., first order 1 " 

The Cerealine Mfg. Co . Indianapolis, Ind., second order 1 " 

Plymouth Roller Mill Co., LeMars, Iowa 1 " 

The Cerealine Mfg. Co., Indianapolis, Ind., third order 1 " 

McDaniel & Co., Franklin, Ind 1 

Blish Milling Co., Seymour, Ind., second order 1 " 

The Cerealine Mfg. Co., Indianapolis, Ind., fourth order 1 " 

The Russell & Miller M. Co., West Superior, Wis 2 " 

R. T. Davis Mill Co., St. Joseph, Mo., second order 1 " 

Metcalf, Miller & Co., Palmyra, Mo 1 " 

J. S. Clirk, Troy, Kan 1 

Ballard & Ballard, Louisville, Ky 1 " 

Blish Milling; Co., Seymour, Ind., third order 1 *' 

Taylor Bros., Quincy, 111., second order 1 " 

C. C. Washburn's Flouring Mills Co., first order 3 

W. R. Klinger. Hermann, Mo 1 

C. C. Washburn's Flouring Mills Co., Minneapolis, Minn., 

second order 3 ** 

V. Bachmann, Indianapolis, Ind 1 " 

Colorado Milling and Elevator Co., Denver, Colo., 2d order. .. 2 " 
C. C. Washburn's Flouring Mills Co., Minneapolis, Minn., 

third order 1 " 

National Milling Co., Minneapolis, Minn 1 " 

Geo. Christian Milling Co., Minneapolis, Minn 3 " 

Zeeland Milling Co., Zeeland, Mich... 1 

Texas Star Flour Mills, Galveston, Texas, second order 1 " 

Pillsbury-Washburn Flouring Mill, Minneapolis, Minn. 2 " 

Washburn -Crosby Co., Minneapolis, Minn., fourth order 1 " 

Theo. H. Waterman, Albany, N. Y 1 " 



225 H.P 


80 •' 


500 " 


500 •' 


250 " 


375 " 


250 " 


250 " 


375 •' 


150 " 


225 " 


120 " 


500 " 


250 " 


120 " 


75 •' 


250 " 


225 *' 


250 " 


100 " 


1536 " 


120 " 


250 •' 


512 '• 


100 " 


750 " 


109 " 


250 " 


480 " 


514 " 


196 *• 



BREWERIES AND DISTILLERIES. 

Anheuser-Busch Brewing Association, St. Louis, first order... 

L. Hoster Brewing Co., Columbus, Ohio, first order 

Hyde Park Brewing Co., St. Louis 

L. Hoster Brewing Co., Columbus, Ohio, second order 

Denver Brewing Company, Denver, Colo 

National Brewery, San Francisco, Cal 

J. G. Sohn & Co., Cincinnati, Ohio, first order 

L. Hoster Brewing Co., Columbus, Ohio, third order.. 

Anheuser-Busch Brewing Association, St. Louis, second order 
J. B. Wathen & Bro. Co. (distillery), Louisville. Ky., first order 
Anheuser-Busch Brewing Association, St. Louis, third order .. 
Anheuser-Busch Brewing A.ssociation, St. Louis, fourth order 
Anheuser-Busch Brewing Association, St. Louis, fifth order 

J. G. Sohn & Co., Cincinnati, Ohio, second order 

Fleischman & Co. (di.stillery), Cincinnati, Ohio 

San Antonio Brewing .-Vss'n, San Antonio, Tex., first order.. 

Christ Moerlein Brewing Co., Cincinnati, Ohio, first order 

Cincinnati Brewing Co., Hamilton, Ohio, first order 

Albert Braun Brewing Association, Seattle, Wash 

John Schillito, Cincinnati, Ohio, first order 

John Schillito, Cincinnati, Ohio, second order 

J. B. Wathen & Bro. (distillery), Louisville, Ky., second order 
Allen -BradJej' Co. (distillery), Louisville, Ky., fttsl otdet 



Boiler, 



200 H.P 


250 




200 




320 




200 




160 




150 




300 




1200 




300 




200 




200 




150 




250 




150 




300 




200 




240 




250 




400 




300 




l^Q 
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Allen -BradlcT Co. (distillery ). Looisville. Ky.. second order - 1 

Christ Moerlein Brewing Co.. Cincinnati, Ohio, second order.. 4 

The Centra] DistillinK Co.. St. Loais _ 3 

St. Lonis Brewing Ass'n, St. Lonis 1 

Allen- Bradley Co., Louisville. Ky.. third order 1 

Cincinnati Brewing; Co.. Hamilton, Ohio, second order 1 

Christ 3Ioer]ein Brewing Co.. Cincinnati, Ohio, third order 1 

SUndard Brewery. Chicago. Ill 2 

B^rthomolay Brewing Co., Rochester, N. Y. 3 

L. Hosier Brewing Co., Columbus. Ohio, fourth order 1 

Central Distilling Co., St. Louis, second order - 1 

Lazcano Y. Clonzalez (distillery). Cardenas, Cuba 1 

Wainwright Brewery Co., Pittsburg, Pa 1 

Mutual Distilling Co.. Uniontown, Ky 1 

Salvador Vidal (distillery), Cardenas. Cuba 2 

Mihalovitch, Fletcher & Co., Cincinnati, Ohio 1 

The Allen -Bradley Co.. Louisville, Ky., fourth order 1 

Keystone Brewing Co.. Pittsburg, Pa 1 

The L. Hosier Brewing Co., Columbus, Ohio, fifth order 1 

Beadleston & Woerz Brewing Co., New York, N. Y 2 

The L. Hosier Brewing Co., Columbus, Ohio, sixth order 1 



Boiler, 



250 H.P. 

12«»(» '• 

900 " 

3<J0 " 

50«i " 

3«<0 " 

3tlii •' 

40" " 

75*1 " 

3fM» " 

3<fO '■ 

21.10 '• 

250 " 

375 " 

240 " 

KX) •* 

80 " 

250 " 

300 •' 

50Q " 

250 " 




P. Piant of Heine Boilers at Anheuser-Busch Brewery^ 
ST, LOU\S, >\0. 
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M. Winter & Bro., Pittsburg, Pa 1 Boiler, 375 H.P. 

R. C. Sibley, East Cambridge, Mass 2 " 5(ki " 

Bay Stat# Distillery Co., East Cambridge, Mass 1 " 5(hi " 

San Antonio Brewing Ass'n, San Antonio, Tex., second order 2 '* 3<hi " 

J. Walker Brewing Co., Cincinnati, Ohio 1 *' 2<»0 " 

L. Hoster Brewing Co., Columbus, Ohio, seventh order 2 " 600 " 

American Brewing Association, Houston, Tex 1 " 30(» " 

Galveston Brewing Co., Galveston, Tex. 2 " 500 " 

Christian Moerlein Brewing Co., Cincinnati, Ohio, fourth order 1 " 300 " 

BerKner& Engel Brewing Co., Philadelphia, Pa 2 " 500 " 

Richmond Brewery, Richmond, Va 1 " 120 " 

Anheuser-Busch Brewing Association, St. Louis, sixth order.. 1 " 300 " 

.\nhen8er-Busch Brewing Association, St. Louis, seventh order 1 " 450 " 

San Antonio Brewing Ass'n, San Antonio. Tex., third order... 2 *' 600 " 

Anheuser-Busch Brewing Association, St. Louis, eighth order 1 " 450 " 

Pleischman & Co., E. Millstone, N. J 1 " 250 " 

Alabama Brewing Co., Birmingham, Ala., first order 1 " 250 " 

Alabama Brewing Co., Birmingham, Ala., second order 1 *' 250 " 

L. Hoster Brewing Co., Columbus, Ohio, eighth order 2 " 592 " 



CABLE AND ELECTRIC STREET RAILROAD COMPANIES. 



St. Louis Cable and Western R. R., St. Louis 1 Boiler, 

Central Paraenger R.R. Co. (electric) , Louisville, Ky . , 1st order 2 

People's R'y Co. (cable), St. Louis 3 

Unkm Depot R. R. Co. (electric), St. Louis, first order 3 " 

CidOfBdoSpringsand Rapid Transit R'y Co., Colorado Springs, 

Colo 2 

Atliaston Heights Electric R'y Co., Fort Worth, Texas 2 " 

Sochester Railway Co. (electric), Rochester, X. Y. 4 " 

GlcBwood and Greenlawn Street R'y Co., Columbus, Ohio, 

first order 1 " 

Street Railway Construction Co., Denver, Colo 3 " 

Unkm Depot R. R. Co., St. Louts, second order 2 

Central Passenger R. R. Co., Louisville, Ky.. second order 2 " 
Glcnwood and Greenlawn Street R'y Co., Columbus, Ohio, 

second order 1 " 

City Blectric Street R'y Co., Little Rock, Ark 3 

Onboque Blectric R'y, Light and Power Co., Dubuque, Iowa 1 " 

Central Passenger R. R. Co., Louisville, Ky., third order 1 " 

Oakland, San Leandro and Hay wards Electric R'y Co., Oak- 
land, Cal ' 2 

Broadway and Seventh Ave. R. R. Co. (cable), New York City 18 

Johnstown Passenger R'y Co., Johnstown, Pa., first order 2 " 

Union Depot R. R. Co., St. Louis, third order 2 

Salt I/Ske Rapid Transit Co., Salt Lake City, Itah 1 
Oakland, San Leandro and Hay wards Electric R'y Co., Oak- 
land, Cal., second order 1 " 

Jersey City and Bergen R'y, Jersey City, N. J 1 " 

Barre Sliding R'y Co., Chicago, 111. 4 

Chicago and North Shore Electric R'y Co., Chicago, 111 3 

Chicago snd South Side Rapid Transit Co., Chicago, III. 2 " 

Altoona and Logan Valley Electric R'y Co., .Altoona, Pa., 1st 

order 2 " 

Pennsylvania R. R.Co., for .\tlantic City Electric R'y, 5th order 1 *' 

Northern Central R. R. Co., Canton, Baltimore, Md 1 

Ft. Worth and Arlington Heights Street R'y Co., Ft. Worth, 

Tex., second order I " 

Vnion Depot R. R. Co., St. Louis, Mo., fourth otAex \ 



225 H.P. 

400 " 

600 " 

750 " 

300 " 

240 " 

800 " 

120 " 

375 " 

500 " 

400 " 

120 " 

750 " 

300 " 

JOO ' ' 

160 " 

4500 ' ' 
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500 ' ' 

20U " 

1-10 '• 
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l.SOO " 
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2(KJ " 
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East St. Louis Electric Street R'y Co., East St. Louis, 111 3 Boilers, 750 H 

Jersey City and Bergen R'y Co., Jersey City, N. J., 2d order . 3 " 900 

Jersey Consolidated Traction Co., Newark, N. J., first order 1 '* 300 

Jersey Consolidated Traction Co., Newark, N.J. , second order 1 " 300 

Jersey Consolidated Traction Co., Newark, N. J., third order.. 1 " 250 

Allegheny Traction Co., Pittsburg, Pa 2 " 500 

Hartford Street Railway Co., Hartford. Conn., first order 6 " 2250 

Union Depot R. R. Co., St. Louis, fifth order 2 " 10(X) 

Otis Engineering and Construction Co., Inclined Road. Lake 

George, N. Y 1 " 160 

St. Charles Street R'y Co., New Orleans, La 3 " 615 

Orleans R'y Co., New Orleans, La 2 " 510 

Louisville R'y Co., Louisville, Ky., fourth order 1 " 200 

Bergen County Traction Co., Bergen Co., N. J., first order 2 " 500 

Luzerne, Dallas and Harvey's L«tke R'y Co., Wilkesbarre, Pa. 3 " 1005 

Hartford Street R'y Co., Hartford, Conn., second order 2 " 600 

Lynchburg & Rivermont Street R'y Co., Lynchburg, Va 2 " 400 

Toledo Traction Co., Toledo, O., first order 2 " 1000 

J. G. Brill, for Cape Town, Africa, first order 3 " 900 

Second Avenue Traction Co., Pittsburg, Pa., second order 2 " 740 

Englewood and Chicago Electric Street R'y Co., Chicago, 111. 3 " 600 

Fort Pitt Traction Co., Allegheny, Pa 1 " 250 

Toledo Traction Co., Toledo, O., second order 2 " 1000 

Philadelphia and Reading Co., Philadelphia, Pa 1 " 425 

Tamalpais Electric R'y Co., California 1 " 105 

Cape Town Tramways, South Africa, second order 1 " 300 

JolietStreet R'y Co., Joliet, 111 1 " 500 

Toledo Traction Co., Toledo, O., third order.. 1 " 574 

Southern Electric R'y Co., St. Louis, Mo 4 *' 1500 

Altoona and Logan Valley R'y Co., Altoona, Pa., second order 2 " 600 

Gloucester Street R'y Co., Gloucester, Mass 2 " 500 

Oahu Land and R. R. Co., Oahu, Hawaii 1 " 150 

City of Chicago Electric Light Station, Chicago, 111 3 " 1500 

Cincinnati, Laurenceberg & Aurora Electric R'y Co., Addys- 

ton, Ind '. 4 " 1000 

Wilmington & Brandy wine Springs R'y Co., Brandy wine 

Springs, Del 2 " 300 

Philadelphia, Morton & Swarthmore R'y Co. , Philadelphia, Pa. 2 " 392 

Johnstown Passenger Railway Co., Johnstown, Pa., 2d order.. 4 " 11S4 

Gloucester Street Railway Co. , Gloucester, Mass 2 " 540 

Bennington & Hoosick Valley R'y Co., Hoosick Falls, N. V... 2 " 324 

Bristol County Street R'y Co., Boston, Mass 2 " 440 

Mahoning Valley R'y Co.. Youngstown, Ohio 2 " 880 

Bergen County Traction Co., New York, N. Y., second order.. 2 " 1126 

Toledo Traction Co. Toledo, Ohio, fourth order 2 " 1148 

West End Traction Co , Pittsburg, Pa 2 " 988 

East St. Louis Electric St. R'v Co., East St. Louis, 111 1 " 239 



RICE AND OIL MILLS. 



Howard Oil Co., Houston, Texas, first order 2 Boilers. 500 H.P. 



Howard Oil Co., Houston, Texas, second order 1 

Galveston Oil Co., Galveston, Texas 2 

H. Shumaker Oil Mills, Navasota, Texas 

Meridian Oil Mills and Mfg. Co., Meridian, Miss. 

Wilmington Oil Mills, Wilmington, N. C 

Independent Cotton Oil Co., New Orleans. La 

Capitol City Oil Works, Jackson, Miss., first order 

Union Oil Co., New Orleans, La., first order 3 

Capitol City Oil Mills, Jackson, Miss., second orAet \ 



250 
500 
250 
250 
250 
250 
150 
750 
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Crescent City Rice Mill Co., New Orleans, La 

A. Socola Rice Mills, New Orleans. La 

Mississippi Cotton Oil Co., Meridian, Miss., second order 

National Cotton Oil Co., Houston, Texas, third order 

National Cotton Oil Co., Galveston, Texas, second order 

National Cotton Oil Co., Denison, Texas 

Union Oil Co., Vidalia, La., second order 

National Cotton Oil Co., Texarkana, Ark 

Atlantic Refining Co., Pt. Breeze, Pa., first order 

American Cotton Oil Co., Cincinnati, Ohio, first order 

Union Oil Co., Monroe, La., third order 

American Cotton Oil Co., Brinkley, Ark., second order 

International Cotton Oil Co., Selma, Ala 

Atlantic Refining Co., Pt. Breeze, Pa., second order 

Planters Oil Mill, Monroe, La 

Trinity Cotton Oil Co., Dallas, Texas 2 

Southern Cotton Oil Co., Montgomery, -\la 

Arkansas Cotton Oil Co., Pine Bluff, Ark 



Boiler, 



150 H.P. 
150 " 
375 " 
250 •* 
250 •' 
750 " 
375 " 
375 " 
750 " 
500 " 
359 •• 
220 " 
400 •• 
362 ' 
270 " 
300 " 
240 " 
2% " 



ELECTRIC LIGHT, POWER AND GAS COMPANIES. 



Springfield Electric Light Co., Springfield, Mo. 1 Boiler, 

St. Louis Gas Light Co., St. Louis 

Bvanston Electric Light Co., Kvanston,Ill 

Forest City Electric Light Co., Rockford, 111., first order 

Des Moines Edison Light Co., Des Moines, la., first order 

Allegheny County Light Co., Pittsburg, Pa. 

Des Moines Edison Light Co., Des Moines, la., second order 
Columbus Electric Light & Power Co., Columbus, O., 1st order 

Troy Gas Light Co., Troy. N. Y. 

Colorado Electric Co., Denver, Colo., first order 

Little Rock Electric Light Co., Little Rock, Ark 

Colorado Electric Co., Denver, Colo., second order 

Boston Edison Co., Boston, Mass.. first order 

Chicago Edison Co., Chicago, III., first order 

Brush Electric Light and Power Co., Galveston, Tex 

Columbus Electric Light & Power Co., Columbus, O., 2d order 

Colorado Electric Co.. Denver, Colo., third order 

Columbus Electric Light & Power Co., Columbus, O., 5d order 

Colorado Electric Co., I^enver, Colo., fourth order 

Pueblo Gas and Electric Light Co., Pueblo, Colo 

Cedar Rapids Electric Light and Power Co., Cedar Rapids, la. 
Little Rock Electric Light Co., Little Rock. Ark., second order 

Litchfield Electric Light and Power Co., Litchfield, 111. 

Boston Edison Co., Boston, Mass., second order 

Laclede Gas Co., St. I.ouis. first order 

Hill City Electric Lijjht and Power Co., Vicksburg. Miss. 

diversity Park Railway and Electric Co., Denver, Colo. 

bhard Electric Supply Manufacturing Co., Montreal. Can... 

lunibus Electric Light & Power Co., Columbus. O., 4th order 

» Moines Edison Light Co.. Des Moines. la., third order.... 

■ • A. & T. C. Gooch, Louisville, Ky.. first order 

>*troit Electric Light and Power Co., Detroit. Mich _- 

'hlcHgo Edison Co., Chicago, 111., second order 

City Klectric Light Co., Kalamazoo, Mich., first order 

i>. C. Hartwell, Ouray. Colo 

Milwaukee Power and Lighting Co., Milwaukee. Wis 

CMntna' Gas Light and Heating Co., B\ootn\T\gt.oti, \\\. 1 

Mdlaoa General Electric Co., New York '^ 
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United Gas Improvetnent Buililing, 
PHILADBLPHIA. PA. 

Contains 4l"H» H. P. in Heine Boilers, 



Western Electrical Construction Co. , Denver, Colo. , first order 1 Boiltr, 200 H. P. 

Western Electrical Construction Co., Denver, Colo., 2d order.. 2 " 400 

Electric Improvement Co., San Francisco, Cal 2 " 200 

Gooch Electric Light Co., Louisville, Ky., second order 1 " 256 

Columbus Electric Light & Power Co., Columbus, O., 5th order 1 " 300 

Craig & Son, St. Cunegard, Montreal, Electric Station 1 *' 150 

St. Jean Baptiste Electric Co., Canada, first order 1 " 150 

Cedar Rapids El. Lt. and P. Co., Cedar Rapids, la., 2d order. 2 " 300 

Ann Arbor T. H. Electric Co., Ann Arbor, Mich 1 " 150 

Chicago Edison Co., Chicago, 111., third order 3 " 1125 

Denver Consolidated Electric Co., Denver, Colo., third order. 2 " 400 

Vallejo Electric Light and Power Co., Vallejo, Cal 2 " 150 

San Francisco Gas Co., San Francisco, Cal 2 " 350 

Denver Consolidated Electric Co., Denver, Colo., fourth order 2 " 400 

Forest City Electric Lt. and Power Co., Rockford, 111., 2d order 1 " 300 

J. DeMier, Santa Rosa, Cuba 1 " 60 

Denver Consolidated Electric Co., Denver. Colo., fifth order.. 1 " 200 

Brookfield Electric Light Co., Brookfield, Mo 1 " 150 

St. Jean Baptiste Electric Co., Canada, second order 2 " 500 

Petaluma Electric Light and Power Co., Petaluma, Cal. 2 " 150 

Edison Electric Illuminating Co., New York, first order 1 " 375 

Washington Gas Light Co., Washington, D, C 2 " 500 

Temple Electric Co., Montreal, Canada 2 " 400 

City Electric Light Co., Kalamazoo, Mich., second order 1 " 150 

Salt Lalte City Gas Co., Salt Lake City, Utah 2 " 750 

Forest City Electric Lt. and Power Co., Rockford, 111., 3d order 1 " 300 

Denver Consolidated Electric Co., Denver, Colo., sixth order 1 " 200 

Siemens & Halske Electric Co., Chicago, 111 2 *' 300 

Cedar Rapids El. Lt. and P. Co.. Cedar Rapids, la., 3d order 1 " 200 

Edison Electric Illuminating Co., New York, second order 1 " 375 

Pennsylvania R. R. Co., for Pittsburg U. D. Elec. Light Plant 2 " 500 

Chicago Edison Co., Chicago, 111., fourth order 1 " 500 

PennsylvaniaR.R. Co., for Jersey City Depot Elec. Light Plant 3 " 1125 

Mutual Light and Power Co., Montgomery, Ala., first order ... 3 " 600 

Toronto Electric Light Co., Toronto, Ont 2 " 520 

East River Gas Co., Long Island City, N. Y 4 " 600 

Chicago Edison Co., Chicago, 111., fifth order 7 " 3500 

Chicago Edison Co., Chicago, 111., sixth order 1 " 200 

Chicago Edison Co., Chicago, 111., seventh order 1 " 375 

Chicago Edison Co., Chicago, 111., eighth order 1 " 500 

Channon & Wheeler, Quincy, 111 2 " 620 

Bridge Mill Power Co., Pawtucket, R. 1 2 " 610 

Chicago Edison Co., Chicago, 111., ninth order 2 " f- 1148 

Woonsocket Electric Machine and PowerCo.,Woonsocket,R. I. 2 " 320 

Dayton Electric Light Co., Dayton, Ohio 3 " 750 

Denver Consolidated Electric Co., Denver, Colo., seventh order 1 " 375 

Kalamazoo Electric Co., Kalamazoo, Mich. 1 " 375 

Brookline Gas Co., Boston, Mass., first order 2 " 400 

The T. Eaton Co., Toronto, Ont., first order.. 2 " 300 

Salt Lake & Ogden Gas & Elec. Lt. Co., Salt Lake City, 2d order 1 " 375 

Laclede Gas Light Co., St. Louis, second order 1 ** 300 

.\. Von Rosenzweig, Mexico City, Mexico 3 '' 375 

Edison Illuminating Co., St. Louis 15 " 5600 

General Electric Co , Schenectady, N. Y 1 '* 108 

United Gas Improvement Co., Sioux City, Iowa, first order 1 " 255 

Edison Light and Power Co., San Francisco, Cal., first order.. 4 " 1500 

T. Eaton & Co., Toronto, Ont., second order 1 ** 150 

J. J. Vandergrift, Pittsburg, Pa 2 *' 500 

Edison Light and Power Co., San Francisco, second order 2 *' 750 

SroolcJine Gas Light Co., Boston, Mass., second order 2 *' 400 
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Cedar Rapids El. Light and P. Co., Cedar Rapids, la., 4lh order 1 Boiler, 200 H P. 

Indianapolis Gas Co., Cicero, Ind., first order 4 " 1372 

Logansport & Wabash Valley Gas Co., Windfall, Ind 1 " 343 

Mutual Light and Power Co., Montgomery, Ala., second order 1 " 200 

Somerville Electric Light Co., Somerville, Mass 2 *' 510 

New Omaha T. II. Electric Light Co., Omaha, Neb., 1st order 1 " 375 

Chicago Edison Co., tenth order ... 1 " 574 

Chelsea Gas Light Co., Chelsea. Mass 1 " 225 

Salena, Va., Electric Light Plant 1 " 125 

Newton and Watertown Gas Light Co. , Newton , Mass. , 1st order 1 ' ' 305 

New Omaha T. H. Electric Light Co., Omaha, Neb., 2d order 1 " 375 

Citizens Electric Light and Power Co., East St. Louis, 11'. 1 " 250 

Pennsylvania Heat, Light and Power Co., Philadelphia, Pa.. 

first order 2 *' 750 

Toronto Electric Light Co., second order 1 " 250 

Pennsylvania Heat, Light and Power Co., Philadelphia, Pa , 

second order 2 " 750 

Colorado Electric Light and Power Co., Denver, Colo 4 " 1000 

Selma Gas and Electric Light Co., Selma, Ala 1 " 150 

Montgomery Light and Power Co., Montgomery, Ala., 3d order 2 " 400 

Imperial Elec. Light, Heat and Power Co., St. Louis, 1st order 4 " 1500 

Washington Gas Light Co., Washington, D. C 1 " 250 

Schuylkill Valley 111. Co.. Phcenixville, Pa 1 " 200 

United Gas Improvement Co., Philadelphia, Pa., first order.. 6 " 1500 

Hightstown Light and Power Co., Hightstown, N. J 1 " 150 

Electric Storage Battery Co., Philadelphia, Pa., first order 3 " 450 

United Gas Improvement Co., for Sioux City, la., second order 1 " 250 

Woburn Heat, Light and Power Co., Woburn, Mass 3 " 900 

United Gas Improvement Co., Philadelphia, Pa., third order .. 2 " 400 

Wheeling Electric Co., Wheeling, W. Va 1 " 200 

Quincy Gas Syndicate, Quincy, 111., second order 1 " 375 

Newton and Watertown Gas Light Co., Newton, Mass., 2d order 1 " 305 

Electric Storage Battery Co., Philadelphia, Pa., second order 1 " 300 

Week & Johnson, South Africa, for Electric Light Station 2 " 604 

Mutual Electric Co., California 1 " 375 

Hawaiian Electric Co., Honolulu, Hawaiian Lslands 2 " 600 

Alaska Electric Light and Power Co., Juneau, Alaska 1 " 250 

T. Eaton & Co., Toronto, Out., third order 1 " 150 

Johnstown Electric Light Co., Johnstown, Pa., second order.. 1 " 240 

George J. Humbert. Connellsville, Pa. 2 " 288 

Imperial Elec. Light, Heat and Power Co., St. Louis, 2d order 2 " 718 

Seymour Gas Co., Seymour, Ind 1 " 270 

Jersey City Electric Light Station Pa. R. R., Jersey City, N.J. 1 " 359 

Electric Storage Battery Co., Philadelphia, Pa., third order 1 *' 333 

Alabama Electric Light and Power Co., Opelika, Ala 2 " 198 

Ponce Electric Light Co.. Ponce. Porto Rico 1 " 200 

Pawtucket Electric Co., Pawtucket, R. I. 2 " 718 

Fargo Edison Co.. Fargo, N. D 1 " 200 

Brooklyn Union Gas Co . Brooklyn, N. Y 2 " 592 

Sioux City Gas Co.. Sioux City, Iowa, third order 1 " 609 

The Delaware Electric Light and Power Co., Delaware, Ohio 1 *' 270 

Imperial Elec. Light, Heat and Power Co., St. Louis, 3d order 3 " 1300 

Citizens Electric Light and Power Co., East St. Louis. Ill 1 " 240 

Indianapolis Gas Co., Ellwood, Ind., second order 6 " 2154 

Johnstown Electric Light Co., Johnstown, Pa., third order . 2 " "^ 540 

Schuylkill Valley Illuminating Co., Phcenixville, Pa 1 " 270 

Hagerstown Electric Light Plant, Hagerstown, Md 2 " v'540 

Yokohama Electric Light Co., Yokohama, Japan 2 " 592 

Cedar Rapids Elec. Light & P. Co , Cedar Rapids, la., 5th order 2 " 500 

Chicago Edison Co., Chicago, 111., eleventh order 4 " 2296 
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Stockton Waterworks, Stockton, CnL „ , 1 

Sprintf Valley Water Co., San Francisco, Cal,, firtt order 3 

Houston Water Works, Houston, Texas, first ordtr 
Lawrence Water Work**, Lawrence, Katt, 
National Water Works Co., Kansas City, Mo. 
Texarkaua Water Co., Texarkana, Ark, 
Mittbury Water Co., Millbury, Mass., first order- 
Miltbury Water Co., Millbury, Muss., second order .. 
Sbeboygan Water Co.t Sheboygan, Wis., first order 

Grafton Water Co,, Grafton, Dak 

City Water Co., Chattanooga, Tenn,, first order 

Norrtstown Water Co., NorrJstown, Pa .., .™ 

Cincinnati Water Co., Cincinnati. Oil to...... , .•«..,. — ^ 

Jefferson City Water Co., Jefferson City, Mo..... .™ 

Memphis Artesian Water Co., Menjpbis, Tenn. ...... 

St. Joseph Water Co., St. Joseph, Mo., first order ........ 

Montreal Water Co., Montreal, Can. 

Houston Water Worts. Houston, Tex., second order - 

Peoria Wjiter Works, Peoria, III. ... ..-.......,..„ 

City Water Co., Cbattanpo^a, Tenn., accond order- - - 

L. & W. B- Bull, guincr, lit., first ortler 

L, & W. B, Bull, yuincy, til., second order — ^ 

Shcboygaa Water Co., Sheboygan, Wis., second order.. 



SP 
250 
JOO 
600 
290 
9(W 

600 
230 
UOO 
250 
250 
250 
150 
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Peoria W:itcT Works* 

PEORIA, ILL. 

Contains V2i)0 H. P, Heine Boilers, 
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Houston Waterworks, Houston, Tex., third order 1 Boiler, 

St. Joseph Water Co., St. Joseph, Mo., second order 1 " 

H. D. Campbell & Sons, Traverse City, Mich 1 

Olympic Salt Water Co., San Francisco. Cal 2 " 

Mahanoy City Waterworks, Mahanoy City, Pa 1 " 

St. Clair Water Co., Pittsburg, Pa 3 " 

Spring Valley Water Co., San Francisco, Cal., second order 1 " 

Maysville Water Co., Maysville, Ky. 2 " 

Worcester Engineering Co., Millbury (Water Co.), Mass., 

third order 1 *' 

Worcester Engineering Co., Millbury (Water Co.), Mass. 

fourth order 1 " 

City Water Board, Wheeling, W. Va., first order 2 *' 

City Water Board, Wheeling, W. Va., second order 2 " 

Tyler Water Co., Tyler, Tex. 1 " 

City Water Board, Wheeling, W. Va., third order 2 

East Jersey Water Co., Mont Clair, N. J., first order 2 " 

Algiers Water Works and Electric Co., Algiers, La 1 " 

Mobile Water Works. Mobile, Ala 3 

East Jersey Water Co., New Yotk, second order 3 " 

MINING, COAL AND SMELTING COMPANIES. 



Quartz Mountain Mining Co., San Francisco, Cal 

Santa Anna Mining Co., Oposura, Mex. 

La Plata Mining and Smelting Co., Leadville, Colo 

Philadelphia Smelting and Refining Co., Pueblo, Colo 

Cannon Coal Co., Denver, Colo 

Alaska Treadwell Gold Mining Co., Alaska, first order 

Silver Age Mining Co., Idaho Springs, Colo 

Chicago Copper Refining Co., Chicago, 111., first order 

Chicago Copper Refining Co., Chicago. 111., second order 

Boston and Montana C. C. and S'. M. Co., Great Palls, Mont. 

Alaska Treadwell G. M. Co., Alaska, second order 

Madison Coal Co., St. Louis 

W. Y. O. D. Mining Co., San Francisco, Cal 

Cameron Coal Co., Cameron, Pa., first order 

Cameron Coal Co., Cameron, Pa., second order 

Kilpatrick Bros. & Collins (coal mines), Cambria, Wyo 

Magnetic Iron Ore Co., Carthage, N. Y 

De Lamar Gold Mining Co., De Lamar, Nev., first order 

Solvay Process Co., Syracuse, N. Y., first order 

Hocking Valley Coal Co., Nelsonville, Ohio 

St. Joe Lead Co., Bonne Terre, Mo., first order 

Paymaster Mining Co., Ogilvy, Cal 

St. Joe Lead Co., Bonne Terre, Mo., second order 

St. Joe Lead Co., Bonne Terre, Mo., third order 

Chas. Wagner, Mexico 

Deslogc Consolidated Lead Co., Bonne Terre. Mo 

Omaha and Grant Smelting Works, Denver, Colo 

St. Joe Lead Co., Bonne Terre, Mo., fourth order 

Globe Smelting and Refining Co., Denver, Colo 

Ocean Coal Co., Horatio, Pa., first order 

Owsley & Cowan, Butte, Mont 

Arizona Copper Co., Clifton, Ariz 

De Lamar Gold Mining Co., De Lamar, Nev., second order . 

E. O. Stoiber, Unity Tunnel, Silverton, Colo., first order 

J. R. De Lamar, Milford, Utah 

Independence Mine, Victor, Colo., first order 

Independence Mine, Victor, Colo., second order 



Boiler, 



150 H.P. 

250 
150 
150 
300 
480 
120 
200 

b5 

85 
400 
400 
130 
400 
500 
130 
486 
810 



165 H.P. 
180 
110 
360 
150 
400 
100 
120 
100 
300 
200 
200 
150 
750 
250 
300 
300 
120 
1000 
400 
375 
75 
375 
375 
120 
600 
750 
375 
200 
600 
400 
300 
120 
60 
250 
300 
300 
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Anaconda Copper Mining Co., Anaconda, Mont., first order... 2 Boilers. 750Q^.j>_ 

Independence Mine, Victor, Colo., third order 1 " 300 '* 

Solvay Process Co., Sharon, Pa., second order 2 " 500 " 

Anaconda Copper Mining Co., Anaconda, Mont., second order 2 " 750 " 

Mountain Copper Co 1 " 20t) " 

Canadian Gold Field Co 2 " 160 " 

International Coal Mining Co 1 " 150 " 

De Lamar Nevada Gold Mining Co., De Lamar, Nev., 3d order 1 " 125 " 

Cochiti Gold Mining Co., Cochiti, N. Mex 2 " 400" 

Weeks & Johnson, S. .\frica, for Simmer & Jack Mines 4 ** 120S " 

Weeks & Johnson, S. Africa, for Simmer & Jack Mines 2 " 400" 

Le Roi Mining and Smelting Co., Northport, Wash., 1st order 1 " 250 " 

Alaska Treadwell Gold Mining Co., Alaska, third order 4 " KXM)" 

Guanajuato Consolidated Mills, Guanajuato, Mex 2 *' 300 " 

Banner Mills, Cal 1 " 150 " 

Ocean Coal Co., Herminie, Pa., second order 1 " 200 " 

Weeks & Johnson, S. Africa 1 " 200" 

Moon Anchor Consolidated Gold Mining Co., Colo 2 " 2(J0 " 

Central Lead Co., St. Louis, Mo 1 " 250" 

Great Boulder Perseverance Gold Mining Co., Kalgoorlie, West 

Australia, first order 3 " 660 " 

Leavenworth Coal Co., Leavenworth, Kas 2 " 540 " 

Vindicator Gold Mining Co., Colo 1 " 144 " 

Great Boulder Perseverance Gold Mining Co., Kalgoorlie, Wes^t 

Australia, second order 1 " 220 " 

Compania Minera de Penoles, Mapimi, Mex 3 " 660 " 

Isabella Gold Mining Co., Colo 2 " 288 " 

Union Gold Kxtraction Co., Florence, Colo 3 " 432 " 

The St. Joseph Lead Co., St. Joseph, Mo., fifth order 1 " 144 " 

Philadelphia Smelting and Mining Co., Pueblo, Colo 1 " 114 " 

The Raven Mining Co., Chicago, 111. 1 " 270 " 

Great Boulder Perseverance Gold Mining Co., West Australia, 

third order ^ 2 " 440 " 

Northport Mining and Smelting Co., Northport, Wash. 2 " 4S0 " 

Velardena Mining and Smelting Co., Velardena, Mex 4 " S80 " 

E. G. Stoiber, Silverton, Colo., second order 1 " 359 " 

John A. Logan Mine, Victor, Colo. 3 " 888 " 

E. G. Stoiber, Silverton, Colo., third order 1 " 359 " 

TEXTILE, YARN AND THREAD MILLS. 

California Jute Mills, Oakland, Cal 2 Boilers, 220 H. P. 

Dallas Cotton and Woolen Mills, Dallas, Tex 2 " 4(X) '* 

La Constancia Woolen Mills, Durango, Mex. 1 " 75 '* 

Arkadelphia Cotton Mills, Arkadelphia, Ark 1 " 150 '* 

Rockford Hosiery and Mitten Co., Rockford, 111., first order.. 1 " 120 " 

Dominion Cotton Mills, Canada 3 '* ^ 450 

Lannet Cotton Mills, West Point, Ga 3 " 900 ** 

Wilmington Cotton Mills, Wilmington, N. C 1 " 230 " 

Rockford Mitten and Hosiery Co., Rockford, 111., second order 2 " 40«) " 

Leona Cotton Mills, Monterey, Mex 1 " loO " 

Griffin Mfg. Co., Griffin, Ga.. first order 2 " 3iW " 

Warren Mfg. Co., Warren, R. I., first order 4 " 1220 " 

Woonsocket Worsted Mills, Woonsocket. R. 1 2 " 32«) " 

New Britain Knitting Co.. New Britain, Conn 1 '" 305 

'"roximity Mfg. Co.. Greensboro, N. C, first order 2 " 500 

lelsea Jute Mills. Greenpoint. N. Y., first order 3 " 1515 

lomi Falls Mfg. Co.. Randleman. N. C 1 " 200 " 

arren Mfg. Co., Warren. R. I., second order 1 " 305 

atnford Bros., Wilkesbarre, Pa., first order 2 " 500 
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Ba«*iford Bros. Silk Mfg. Co., Paterson. N. J., second order... 1 Boiler, 

^**^^aid Mfg. Co.. Griffin, Ga 2 

^^- NVarren Thread Works, Westfield, Mass.. 1 

.^'ix^rican Mfg. Co., St. Louis. Mo., first order 1 

***«rican Mfg. Co., St. Louis, Mo., second order 2 " 

^^erican Mfg. Co., Brooklyn, N. Y., third order 4 

'^^^Oximity Mfg. Co.. Greensboro, N. C, second order 1 " 

Griffin Mfg. Co., Griffin. Ga., second order 1 " 

^evolution Cotton Mills, Greensboro, N. C 2 

Elmira Cotton Mills. Burlington, N. C, first order 2 

Delgado Cotton Mills, Wilmington. Del., first order 2 " 

Chelsea Jute Mills. Brooklyn, N. Y., second order 1 " 

Tarboro Cotton Factory, Tarboro, N. C 1 

Fountain Cotton Mills, Tarboro. N. C. 1 

Tolar, Hart & Holt Mills. Fayetteville, N. C 1 

F. C. Sayles, Providence, R. I. 2 

Rock ford Mitten and Hosiery Co., Rock ford, 111., third order.. 1 " 

Rushton Cotton Mills, Griffin. Ga. 1 

Delgado Cotton Mills, Wilmington, Del., second order 1 

Shelby Cotton Mills, Shelby, N. C 2 

Cooleemee Cotton Mills, Cooleemee Junction, N. C 1 " 

Mount Vernon Woodberry Cotton Duck Co., Laurel, Md 2 " 

Klmira Cotton Mills, Burlington, N. C, second order 1 " 

Merion Worsted Mills, West Conshohocken, Pa 2 

Barker Cotton Mills, Mobile. .\la 2 

Winona Cotton Mills, Winona, Miss 1 

Nokomis Cotton Mills, Lexington, N. C 2 " 

Woodstock Cotton Mills, Anniston, Ala 2 *' 

Stonewall Cotton Mills, Stonewall, Miss 3 " 

Waxahachie Cotton Mills, Waxahacliie, Texas 1 *' 

Spalding Cotton Mills, Spalding, Ga 1 ** 

Canton Cotton Mills, Canton, Ga 1 

Bonhara Cotton Mills, Bonham, Texas 1 " 

PAPER MANUFACTURERS. 

Orrs Paper Mill, Troy, N. Y.. first order 1 Boiler, 

Forest Paper Co., Yarmouthville, Me., first order 2 " 

Williamette Pulp Paper Co., Oregon City, Ore., first order .... 2 " 

Beckett Paper Co. , Hamilton, Ohio 1 

Orrs & Co.. Troy, N. Y., second order 2 " 

Tompkins Paper Stock Co., Troy, N. Y 1 

.\lbany Card Paper Co., Albany, N. Y, 1 

Williamette Paper Co., Oregon City, Ore., second order 1 " 

Royal Pulp and Paper Co., East Angus, P. Quebec 2 " 

-American Wood Paper Co., Manayunk, Pa. 2 " 

Denver Paper Mills, Denver, Colo 1 " 

Orrs & Co., Troy, N. Y., third order 3 

Bottsford Paper Mills, Kalamazoo, Mich 2 " 

.\etna Paper Co., Dayton, Ohio 1 " 

Wolverine Paper Co., Kalamazoo, Mich. 1 " 

Morrison & Cass Paper Co., Tyrone, Pa., first order 2 " 

Morrison & Cass Paper Co., Tyrone, Pa., second order 2 " 

Philadelphia Paper Mfg. Co., Philadelphia, Pa 1 " 

Forest Paper Co., Yarmouthville, Me., second order 2 " 

Morrison & Cass Paper Co., Tyrone, Pa., third order 4 ' " 

Williamette Pulp & Paper Co., Oregon City, Ore., third order 2 

Forest Paper Co., Yarmouthville, Me., third order 1 " 



25(1 HP. 

4W " 

150 " 

3(:k» '• 

6lX) ' ' 

1184 •• 

250 • ' 

240 •' 

250 '• 

288 •' 

288 " 

574 " 

220 • ' 

220 '• 

240 • ' 

440 •• 

240 " 

240 ■ ' 

144 •' 

258 •' 

196 •• 

440 " 

196 " 

546 •' 

440 " 

255 •• 

392 " 

288 " 

387 " 

240 " 

240 " 

270 " 

296 " 



125 H.P 

300 " 

300 " 

250 " 

250 ' ' 

125 " 

15(» " 

2(10 " 

30< » " 

50O " 

3( H I " 

45ii " 

400 " 

30( > ' ' 

375 ' ' 

500 ' ' 

500 " 

250 " 

400 " 

1000 " 

500 " 

270 " 
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MISCELLANEOUS. 



Chicago Corset Co. , Aurora, 111 2 Boilers, 120H. P. 

Phoenix Chair Co., Sheboygan, Wis., first order 2 " 450 " 

H. E. Roth, Sheboygan, Wis. 1 •* 30 " 

Julius Berkey Felt Boot Co., Grand Rapids, Mich. 1 " 140 " 

P. B. Mathiason & Co., Bone Black Works, St. Louis 2 " 180 " 

W. T. Coleman & Co., Borax Works, San Francisco, Cal 1 " 65 " 

California Powder Mills 1 " 65 " 

W. 8. Townsend, Candy Manufacturers, San Francisco, Cal... 1 " 130 " 

M. P. Robinson, Honolulu, Sandwich Islands 1 *' 75 " 

Springfield Wagon Co., Springfield, Mo 1 *' 110 " 

G. B. Kane & Co., Chicago, 111 1 " 20 " 

Union Tobacco Works, Louisville, Ky 1 *' 70 " 

Houston & Texas Central R'y, Houston, Texas, first order 1 " 200 " 

J. J. Langles & Co., New Orleans, La 1 " 55 " 

R. L. McDonald & Co., St. Joseph, Mo 1 " 80 " 

James Roy & Co., Troy, N. Y., first order 2 " 180 " 

Chicago Corset Co , Aurora, 111., second order 1 " 110 " 

Hueter Bros. & Co., San Francisco, Cal 1 " 80 " 

Houston & Texas Central R'y, Houston, Tex., second order.... 1 " 200 " 

Brittain, Richardson & Co., St. Joseph, Mo 1 *' 90 " 

Benecia Agricultural Works, Benecia, Cal 1 " 100 " 

A. H. Belo & Co., Galveston, Tex 1 " 50 " 

King Kalakua, Honolulu, Sandwich Islands 1 " 80 " 

J. G. Johnson & Co., Spuyten Duyval, N. Y 1 " 90 " 

Kiddel & Stewart, Denver, Colo. 1 " 110 " 

Tim Wallerstein & Co., Troy, N. Y. 1 " 50 " 

B. J. Johnson & Co., Milwaukee, Wis 1 " 110 *' 

Carteret Chemical Co., Newark, N. J 1 " 150 " 

John Mouat Lumber Co., Denver, Colo. 1 " 110 " 

Cumberland Mills, Cumberland, Me 2 " 3«X) " 

Kansas City. Fort Scott & Gulf R. R., Springfield, Mo 1 " 150 " 

Los Angeles Machinery Depot, Los .\ngeles, Cal 1 *' 75 " 

A. Bering & Bro., Houston, Tex 1 " 110 " 

Wm. H. Bungee, Chicago, 111 1 " 75 " 

Phoenix Chair Co., Sheboygan, Wis., second order 1 " 150 " 

Loomis Gas Machinery Co., Philadelphia, Pa 1 " 110 " 

Sommer, Richardson & Co., St. Joseph, Mo. 1 " 110 " 

Charles Stern, Los Angeles, Cal. 1 " 165 " 

A. C. Melchert, Albany, N. Y 1 " 15i? " 

Spring Grove Cemetery, Cincinnati, Ohio 1 " 80 " 

Gilbert & Walker, Honolulu, Sandwich Islands 1 " 55 *' 

Meier & Kruse, Honolulu, Sandwich Islands 1 " 55 *' 

Crocker Chair Co., Sheboygan, Wis 1 " 300 " 

Mexican Central Railway 2 " 150 " 

Christian Peper Tobacco Factory, St. Louis, first order 1 " 200 " 

Seeger it Guernsey, N. Y., for Senor Pechado, Toluca, Mex... 1 " 75 " 

American Mfg. Co.. Sheboygan, Wis. 1 " 200 " 

Gutta Percha and Rubber Mfg. Co.. California 1 " 100 " 

A. Meinicke & Son, Milwaukee, Wis 1 " 150 " 

Louisiaaa Furniture Mfg. Co., New Orleans. La .. 1 " 150 " 

Western Wheel Works, Chicago, 111., first order 2 " 600 " 

\. H. Andrews & Co., Chicago. Ill 1 " 250 " 

Publishers. Geo. Knapp & Co., St. Louis Republic, St. Louis 1 " 120 " 

Seeger & Guernsey, New York City and City of Mexico, Mex. 1 ** 80 " 

Aug. Beck & Co., Chicago, 111 -. 1 " 130 " 

I,. H. Prentice & Co., Chicago, III 2 " 150 " 

Tim Co. Collar and Shirt Factory, Troy, N. Y 1 *' 120 " 

Wm. Angus & Co., Hast Angus, P. Quebec 1 '* 150 " 
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D. L- Parish Laundry Co., St. Louis 

Temple Co., Muskegon, Mich 

Western Wheel Works, Chicago, 111., second order 

Heath & Milligan Mfg. Co., Chicago, III., first order 

McCormick Harvester Machine Co., Chicago, 111 

Publishers, George Knapp & Co., St. Louis, second order 

Bausch & Lomb Opt. Co., Rochester, N. Y 

Cortina, Pichardo & Co., Toluca, Mex 

Phoenix Furniture Co., Grand Rapids, Mich 

Robert White & Co., Canada 

Montreal Carriage Leather Co 

Sewerage Works, Stockton, Cal 

Bastion & Valiquetto, Canada 

Eagle Automatic Can Co., San Francisco, Cal 

Edward E- Barton, Hutchison, Kan 2 

Pennsylvania R. R. Co., for Renova, Pa., shops, first order .... 2 

Pennsylvania R. R. Co., for Pittsburg shops, second order 2 

Thos. D. Whitaker, Phillipsburg, N. J 2 

The Iowa Farming Tool Co., Fort Madison, Iowa 

W. .\. Elmendorf, Chicago, 111 

Pennsylvania R. R. Co., for Jersey City, third order 

The Burkey & Gay Furniture Co., Grand Rapids, Mich 

Pennsylvania R. R.Co., BroadSt. Station, Phila, Pa., 4th order 

Hubbard &Co., Pittsburg, Pa 

National Starch Mfg. Co., Glen Cove, N. Y 

Northwestern Terra Cotta Co., Chicago, 111., first order 

Buffalo Brass Co., Buffalo, N. Y. 

Mallinckrodt Chemical Works, St. Louis, first order 

Ferris Wheel, World's Columbian Exposition, Chicago, 111 

Smith and Barnes Piano Co., Chicago, 111 

Beaver & Co. Soap Works, Dayton, Ohio 

National Carbon Co., Cleveland, Ohio 

L. Waterbury & Co., Brooklyn, N. Y 

Sterritt & Thomas, Pittsburg, Pa 

C. L. Colman, Lumber, La Crosse, Wis 

St. Louis Dried Grains Co 

Jno. D. Spreckles Bro., San Francisco, Cal 

Sterling White Lead Co., Pittsburg, Pa 

Duryea Starch Co., Glen Cove, Long Island 

Wm. Deering & Co., Chicago, 111., first order 

Wm. Campbell & Co., New York City 

Peerless Brick Co., Philadelphia, Pa 

Whitaker Cement Co., Phillipsburg, N. J., second order 

National Lead Co., St. Louis, first order 

Heath & Milligan Mfg. Co., Chicago, 111., second order 

Hamilton Power Co., Montreal, Canada 2 

W. G. Warden, Philadelphia, Pa 5 

J. L. Ketterlinus, Philadelphia, Pa 2 

Theo. Kuntz, Cleveland, Ohio 2 

Deering Harvester Co., Chicago, 111., second order 2 

Deering Harvester Co., Chicago, 111., third order 1 

J. Home & Co., Pittsburg, Pa 2 

Pennsylvania R. R. Co., Philadelphia, Pa., sixth order 

Pennsylvania R. R. Co., Jersey City, N. J., seventh order 

Partridge & Netcher, Boston Store, Chicago, 111 

Mississippi River Dredge Boat "Beta" 

Northwestern Terra Cotta Co., Chicago, 111., second order 

R. H. White & Co., Boston, Mass 3 

New Orleans Sewerage Co., New Orleans, La 2 

National Sewing Machine Co., Belvedere, 111., first order „ I 
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400 
200 
375 
120 
5a) 

75 
150 
150 

75 

80 

50 
100 
500 
600 
500 
250 
250 

20 
1125 
300 
900 
250 
150 
150 

60 
375 
750 
200 
200 
KXX) 
800 

50 
120 
2W 

30 
250 
200 
750 
200 
120 
250 
250 
2(X) 
240 
750 
180 
4(X) 
928 
250 
240 
500 
337 
325 
1333 
150 
630 
200 
150 
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Ansonia Brass and Copper Co.. Ansonia, Conn 4 Boilers, 1020 H. P. 

Kanfmann Bros., Pittsburg, Pa ,.„ ..„ 1 *' 150 *' 

Eastman's Co., New York City „ 1 '* 250 " 

Russell & Co., Massillon, Ohio 2 " 4<X) " 

Burlington Elevator Co., St. Louis 3 " 510 " 

Northwestern Terra CotU Co., Chicago, 111., third order I *' 200 " 

Arlington Mfg. Co.. Arlington. N. J 2 " 250 " 

J. W. Peters Fish and Oyster Co.. St. Louis 1 " 90 " 

Rockford Sugar Works. Rockford, 111 „ 3 " 9»J " 

Mallinckrodt Chemical Co., St. Louis, second order 1 " 500 *' 

Pennsylvania R. R. Co.. Philadelphia, Pa., eighth order 2 '* lOOO " 

Louis Reibold, Dayton, Ohio 2 " 3fXJ " 

Fleischmann & Co., Greenspoint, N. Y 4 " 8S«) " 

Frank Jones, Portsmouth, N. H 3 '* 6«k> " 

Pennsylvania R. R. Co., Philadelphia, Pa., ninth order 1 ** 500 " 

Drummond Mfg. Co., Louisville, Ky „ 1 *' SO " 

Sormova Co., Xijni Novgorod, Russia 1 ** 250 " 

U. S. Dredge Boat "Delta" 4 " HKIO " 

Wm. A. Talcott, Rockford, 111. 2 " 17(» " 

Deering Harvester Co., Chicago, 111., fourth order 2 " 873 " 

Struller, Meyer & Julia Co.. City of Mexico „ 1 " 75 ** 

R. H. & C. B. Reeves. Camden, N. J 1 ' '• 150 '* 

S. Ishida, Yokohama. Japan „ „ 2 ** 5<R» " 

Van Zile & Chrysler, Albany, N. Y 1 ** 100 " 

Sterling White Lead Co., New Kensington, Pa., second order 1 ** 250 " 

Chas. F. Joy. St. Louis 1 " 250 " 

Booth & Son. California 2 " 200 " 

Job Mills. California 1 " 120 " 

H. P. Faye& Co , Mana Kauai, S. I., first order 1 *' lOO '* 

K. Cohn & Co.. California 1 ** lo5 " 

National Sewing Machine Co., Belvedere, 111., second order.. 1 ** 250 " 

National Sewing Machine Co., Belvedere, 111., third order 1 '* 250 " 

Wm. Wallke Soap Works, St. Louis. Mo 1 '* 150 " 

N. Y. Dredging Co., Dredge Port Royal. Port Royal. S. C 1 " 4in) " 

Wyeth Hardware Mfg. Co., St. Joseph. Mo 1 '* 150 " 

National Sewing Machine Co., Belvedere. 111., fourth order .... i " 5o!i •' 

Russia Cement Co., Gloucester, Mass 1 '* 225 " 

Winthrop Co.. Savannah, Ga I " loo " 

Pennsylvania R. R. Co., Camden, N. J., tenth order 2 *' 60<» " 

Wilmot & Hobbs Mfg. Co., BridReport. Conn 2 " 6<i0 '* 

Nutt & Pratt, Natick. Mass 1 " 15o " 

Wm. Henning, Chicago. Ill 1 " 114 " 

Rome Brass and Copper Co., Rome, N. Y 2 " 500 " 

Bloch Bros. Tobacco Co., Wheeling, W. Va 2 " 300 " 

Montgomery Ward & Co., Chicago. Ill 2 *' 550 " 

Ames & Frost Mfg. Co., Chicago, 111 2 " 350 " 

I). K. Whiton Machine Co., New Lor.don, Conn 1 ** 103 " 

V. S. Navy Yard. Brooklyn, N. Y 2 " 160 " 

Camden Curtain and Embroidery Co.. Camden. N J 1 " 125 " 

U.S. Navy Yard. League Island. Pa 2 " 4S0 " 

Vaham, Hinckley it Co.. N. Y 1 • Kn) • 

raser & Chalmers. Chicago. Ill 2 '■ 200 '" 

[. J. Hein/ it Co.. Pittsburg. Pa 1 " 2.S0 " 

mldwin Locomotive Works, Philadelphia. Pa., first onler 1 *' 600 " 

Ibram Cox Stove Co.. Philadelphia. Pa 1 " 200 " 

Wooilberry Mfg. Co.. Baltimore. Md 1 450 • 

Born & Hardart. Philadelphia. Pa 1 " 100 '• 

Baldwin Locomotive Works, Philadelphia. Pa., second order... 1 " 600 " 

Baldwin Locomotive Works, Philadelphia, Pa., third order 1 450 " 

ir. p. ^jivec^i: Co., Mana Kauai. S. I., second ordei \ \50 " 
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irewer Co., Honolulu. Hawaiian Islands 1 Boiler, 

i. P. Fdve & Co.. Mana Kauai, S. I., third order 1 

Honolulu Sugar Co.. Honolulu, Hawaiian Islands 4 

Massey. Harris & Co.. Toronto, Ont 1 

C»utta Percha & Rubber Mfg. Co.. Toronto. Ont. 1 

Arminius Chemical Co., Mineral City, Va., first order 1 

D P. Cruikshank, for export to South Africa 1 

Arminius Chemical Co., Mineral City, Va., second order 1 

Partridge & Netcher, Boston Store, Chicago, 111 1 

Baldwin Locomotive Works, Philadelphia, fourth order 3 

Baldwin Locomotive Works, Philadelphia, fifth order 2 

W. K. Hering, Philadelphia, Pa 2 

New Orleans & North Eastern R. R. Co., Meridian, Miss 2 

West Jersey & Seashore R. R. (Pa. R. R. Co.), Atlantic City, 

N. J „ 1 

Tasker & Julius. Philadelphia, Pa 2 

Evening Star Newspaper Co., Washington, D. C 2 

Western Methodist Book Concern, Chicago, 111 2 

Crane Co.. Chicago, 111 2 

Wni. Harr Dry Goods Co., St. Louis, Mo 2 

Chicago. St. Paul, Minneapolis & Omaha R. R., St. Paul. 

Minn. 3 

Richnioiid Cedar Works. Richmond, Va 2 

Castalia Portland Cement Co.. Pittsburg. Pa 2 

Solomon ^: Ruben, Pittsburg, Pa 

Mellins Food Co.. Boston, Mass 

Quick Meal Stove Co., St. Louis, Mo 

Whitehead & Hoag Co., Newark, N. J 

American Car and Foundry Co., Chicago, 111 

Western Wheel Works, Chicago, 111., second order 

Schenectady Locomotive Works, Schenectady, N. Y., 1st order 

Wm. F. Taubel. Riverside, Burlington Co., N. J 

N'atioiial Lead Co., St. Louis, Mo., second order 

Nelson -Matter Furniture Co.. Grand Rapids, Mich 3 

Delaware, Lackawanna & Western R. R., Hoboken, N. J., first 

order 2 

Delaware. Lackawanna & Western R. R.. Scranton, Pa., second 

order 2 

Thomas W. Fitch. Braddock, Pa 2 

Delaware & Hudson Co., .\lbany, N. V 2 

The American Pulley Co., Philadelphia, Pa. 2 

The Russell & Erwin Mfg. Co., New Britain, Conn 2 

Monarch Rubber Co., St. Louis, Mo 2 

C. Peper Tobacco Co., St. Louis, Mo., second order 2 

I). G. McLaren. West Sand Lake. N. Y 1 

Knoxville Land Improvement Co., Knoxville, Pa 2 

The Somerset & Kennebec Co., Fairfield, Me 2 

P. H. Flynn. Brooklyn, N. Y 4 

When Clothing Co., Indianapolis. Ind 1 

K. A. KinzieCo.. Cincinnati. Ohio 1 

rnioii Wadding Co.. Pawtucket, R. 1 3 

The .\rlington Co.. Arlington. N. J 1 

James Roy & Co.. Watervliet. N. Y., second order l 

Wm. Skinner & Son Shipbuilding and Dry Dock Co., Balti- 
more. Md 'S 

Boland it Gschwind, New Orleans, La 2 

J. G. & B. S. Ferguson. Boston. Mass 1 

Zinsser & Co.. Hastings-on- Hudson, N. Y 1 

Henderson -Johnson Co.. Pittsbnrg, Pa 1 

McPliee & McGinnity. Colorado I 
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260 
652 
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4S6 
592 
540 
220 
270 
220 
220 
144 
645 
So6 
196 
99 
3S7 

.^24 

440 
19S 
324 
324 
440 
440 
4SO 
162 
324 
540 
1 1S4 
22S 
99 
999 
24o 
162 
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12*» 
220 
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Absorption and transmission of heat in Heine Boilers 137 
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Necessary for ventilation, amount of. Table 50 73 

Heating of 69 

Allegheny Traction Co. (Illustration) 54 

American Coals, composition of. Table 12 18. 19 
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Boiler Specifications _ 1(K> 
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Coal mined in the United States. Table 11 17 

Coal, weights and measures of 17 

Wood, equivalent of 26 

Combustible, evaporating power of one pound of 13 

Heating power of one pound of 13 

Combustion .% 12 

Air consumed in 12 

Conditions for complete .. 12 

Data. Tables 12 
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Amount of water required by SI 

Contents of buildings, relation of boiler to. Table 52 74 
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Fusible plugs. Table 5 S 

Peed Pipes, loss of pressure in. Table 36 50 

Rate of flow of water in. Table 35 5i> 

Size of boiler 51 

Feed Pump, example of pressure on plunger of 51 

Feed Water, per cent of saving by heating. Table 40 55 
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(ias 33 
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Tests with - - 32 

Gas. Analysis of natural. Table 29 39 
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Cost of fuel. Table 28 38 

Fuel 33 

Natural „ 39 

Oxygen absorbed and COs produced by. Table 27 37 

Relative values of fuel. Table 21 35 

Re>ultant gases of combustion of. Table 25 37 

Water evaporated by. Table 26 ^ 37 

Water evaporated by. Table 24 36 

Gase.s produced from combustion of one pound wood. Table 16 26 

Velocity in chimney 112 

Gases, weight and volume of chimney. Table 65 llo 

Heat 5 

And power, units and relation of. Tables 1, 2, 3 6 

As a form of energy 5 

Evolved by various fuels. Table 9 15 

Measures of 5 

Heat of expansion, latent 7 

Heat of combustion of straw and tan bark 29 

Heat, sensible and latent 7 

Specific Table 7 11 

Heat transformations.. 6 

Heat transmitted by radiating surfaces. Table 51 73 

Per square foot of surface, diagram 70 

Per square foot of brick wall. Table 49 71 

Heating air 69 

Buildings by steam 69 

Feed water, per cent of saving. Table 40 ~ 55 

Liquids by steam 74 

Water by steam 75 

J'ower of one pound of combustible - ^■'!i 
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Heine Safety Boiler. (Illustration) 130 
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At Union Depot Railway Plant. (Illustration) 169 
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At World's Fair. (Illustration) „ 4 
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Section of water leg. (Illustration) ..„ 132 

Separation of water in 144 
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Superiority of „ 137 
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Hotel Majestic. (Illustration) 9(J 

Horse power of boilers 53, 57, 64 

Of engines 81 
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Effects of 44 
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Independence Mine. (Illustration) 25 
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Latent heat of expansion 7 

Length, French and United States measures of. Table 79 155 

Lignite and asphalt 23 

Lignite, composition of 24 

Liquid fuels 29 

Liquid, French and United States measures of. Table 82 156 

Heating by steam 74 

Mallinckrodt building. (Illustration) 69 

Mean effective pressure, diagram. Table 56 82 
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Melting points of metals and solids. Table 5 8 
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Peoria Water Works. (Illustration) 174 
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Philadelphia and Reading R. R. Station. (Illustration) 34 
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Plants, list of Heine Boiler 161 
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Power, electrical units of 5 
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Pumping engines, duty of 77, 78 
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Rivets, specifications for ^ _ 101 
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Safety valves „ „ 75 

Philadelphia rule for 77 

By Philadelphia rule, dimensions of. Table 54 77 

United States rule for 75 

Saturated Stream, properties of. Table 41 . 57 
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Sectional boilers, cast-iron end connections. (Illustration) 143 
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Schichau engine. (Illustration) 156 

Solids, expansion of. Table 6 _ 10 
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